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PREFACE    TO    THE   SEVENTEENTH    EDITION 


The  reviser  has  long  shared  the  opinion  that  the  engineering 
profession  needed  better,  rather  than  more,  surveying  texts  and 
manuals.  Because  of  the  many  and  rapid  improvements  in 
apparatus  as  well  as  in  field  methods,  frequent  revisions  are  a 
prime  necessity.  Dean  Johnson  recognized  this  fact  in  his 
preface  to  the  15th  edition  of  Johnson's  Surveying  by  the  follow- 
ing statement:  **The  author's  desire  and  purpose  to  keep  this 
work  fully  abreast  of  the  American  practice  is  his  only  excuse 
for  the  numerous  additions  and  changes  which  have  been  made 
in  the  various  successive  editions." 

The  reviser  has  taken  advantage  of  a  needed  resetting  of  the 
book  to  thoroughly  revise,  and  in  large  part  rewrite  the  entire 
book.  The  changes  may  be  grouped  as  follows:  i.  The  /earrange- 
ment  of  the  subject  matter.  2.  The  omission  of  certain  portions, 
notably  the  chapter  on  Railroad  Topography.  3.  The  use  of 
over  100  new  and  additional  illustrations  of  apparatus  and  methods 
of  its  use.  4.  The  addition  of  over  100  pages  to  the  book  as  a 
result  of  the  rewriting  of  the  chapters  on  the  Engineer's  Level 
and  Transit,  Land,  Topographic,  Hydrographic,  City » and  Geodetic 
Surve3dng.  5.  The  supplying  at  the  end  of  each  chapter  of  many 
leading  references  to  the  best  literature  on  the  subject. 

The  following  is  a  brief  statement  of  the  extent  of  these  changes: 
The  determination  of  the  meridian  by  the  solar  compass  has 
been  omitted  as  obsolete,  while  the  discussion  of  the  solar  attach- 
ment, refraction,  etc.,  is  transferred  from  Chapter  II  to  Chapter 
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IV,  where  the  subjects  are  discussed  in  connection  with  the 
determination  of  the  meridian  by  the  "direct  solar  observation." 
The  addition  of  the  many  figures  explaining  the  adjustments  of 
the  various  instruments  should  be  a  welcome  addition  to  those 
teachers  who  believe  in  teaching  such  matters  as  problems  of 
Descriptive  Geometry,  rather  than  as  mechanical  rules  to  be 
learned.  In  Chapter  III,  illustrations  and  descriptions  of  the 
"Dumpy*'  level  have  been  added.  This  instrument  is  becoming 
quite  popular,  but  not  more  so  than  its  merits  justify. 

In  connection  with  the  discussion  of  surveying  instruments, 
the  new  Appendix  F,  on  the  specifications  for  engineers'  transits 
and  levels  prepared  by  the  writer  should  be  of  value. 

The  new  discussions  of  "adverse  possession  of  land"  and  its 
important  relation  to  the  land  siurveying  Arts.  150-151,  as  well 
as  the  lawful  methods  of  rerunning  old  traverses,  Art.  202,  are 
not  found  in  any  other  text  with  which  the  writer  is  familiar.  It 
would  be  difficult  to  find  two  more  important  subjects  connected 
with  the  resurvey  of  land.  The  forty  principles  and  court  decisions 
bearing  on  the  resurvey  of  private  lands  have  been  carefully 
revised  and  extended  to  conform  with  the  later  decisions  of  the 
courts. 

The  descriptions  of  the  government  methods  of  subdividing 
the  public  lands  have  been  entirely  rewritten  and  illustrated  with 
new  figures. 

The  changes  in  the  chapter  on  Topography  include  a  simple? 
proof  of  the  stadia  formula,  improved  form  of  keeping  field  notes, 
new  data  on  the  accuracy  of  stadia  measurements,  method  of 
constructing  stadia  reduction  charts,  methods  of  contouring, 
illustrated  by  several  examples. 

The  chapter  on  Railroad  Topography  has  been  omitted, 
because  the  subject  is  usually  taught  from  some  of  the  many 
excellent  field  manuals  on  this  subject.  The  space  thus  gained 
has  been  used  to  better  advantage  by  a  new  chapter  on  Stream 
Measurement.  This  chajrter  of  hydrographic  methods  describes 
present  practice  as  completely  as  the  needs  of  the  civil  engineer 
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seem  to  justify.     The  thirty  new  illustrations  used  in  this  chapter 
add  much  to  its  value. 

A  new  article  on  the  sur\'eying  of  bore-holes  has  been  added 
to  the  Mining  chapter,  together  with  eight  problems  on  mining 
surveying  and  a  few  new  illustrations. 

The  chapter  on  City  Sur\eying  has  been  rewritten  and  expanded 
to  about  double  the  size  of  the  old  chapter.  Special  mention  may 
be  made  of  the  practical  treatment  of  city,  land,  and  topographic 
surveys,  city  planning,  street  design,  and  the  laying  out  of 
circular  streets. 

The  old  chapter  on  Geodetic  Surveying  has  been  subdivided 
and  rewritten  in  five  chapters,  viz.,  Triangulation  and  Base  Line, 
Field  Astronomy,  Trigonometric  Levelling,  Precise  Spirit  Level- 
ling, and  Map  Projection. 

Geodetic  field  and  office  methods  have  undergone  extensive 
and  important  changes  in  the  past  ten  years,  due  largely  to  the 
adoption  by  the  Coast  Survey  of  standard  specifications.^ 

A  few  of  the  most  important  new  features  are  the  follow- 
ing :  A  discussion  of  the  figure  of  the  earth,  strength  of  triangula- 
tion figures,  base-line  apparatus,  the  use  of  nickel  steel  tapes, 
directions  for  adjusting  and  using  precise  levels,  both  wye  and 
dumpy,  with  sample  field  notes,  limits  of  error,  speed  and  cost 
of  precise  levelling. 

Most  noteworthy  is  the  new  chapter  on  Field  Astronomy, 
prepared  by  Professor  George  C.  Comstock,  University  of  Wis- 
consin. This  chapter  is  largely  an  abridgment  of  his  well- 
known  text  on  Astronomy,  and  presents  not  only  his  ingenious 
approximate  methods,  designed  for  plane  surveying,  but  also  the 
precise  methods  for  determining  latitude,  azimuth,  and  longitude. 
The  chapter  on  Map  Projection  and  Map  Lettering  has  been 
rewritten  and  greatly  improved  by  the  use  of  new  figures  and 

plates. 

The  reviser  washes  to  acknowledge  his  indebtedness  to  members 


*  These  specifications  were  drawn  by  Mr.  John  F.  Hayford. 
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of  the  teaching  and  engineering  professions  who  have  assisted 
in  preparing  the  revision,  but  especial!}'  to  Professor  George  C. 
Comstock  of  the  University  of  Wisconsin,  for  his  chapter  on  Field 
Astronomy,  and  to  Professor  John  F.  Hayford  of  Northwestern 
University,  for  valuable  assistance  in  connection  with  the  chap- 
ters on  Triangulation  and  Precise  Spirit  Levelling.  His  thanks 
are  also  due  to  Mr.  George  L.  Teeple  of  \Vhitewater,  Wis., 
Mr.  Horace  Andrews  of  Albatiy,  N.  Y.,  Professor  David  A. 
Molitor  of  Cornell  University,  Professor  Charles  A.  Holden  of 
Thayer  School  of  Civil  Engineering  for  many  valuable  sug- 
gestions, and  to  Professor  J.  C.  Tracy  of  Yale  University  for 
permission  to  use  Chapter  II  on  Errors  from  his  "  Plane  Sur- 
veying "  as  Appendix  D.  Other  acknowledgments  are  made 
in  the  text. 

In  a  revision  of  this  character  there  is  great  danger  of  errors, 
especially  in  page  and  article  references.  The  reviser  will  con- 
sider it  a  favor  if  his  attention  is  called  to  any  errors  in  this  edition. 

Madison,  Wis.,  Seplember,  1910, 
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No  apology  is  necessary  for  the  appearance  of  a  new  book 
on  Surveying.  The  needs  of  surveyors  have  long  been  far  be- 
yond the  accessible  literature  6n  this  subject,  to  say  nothing  of 
that  which  has  heretofore  been  formulated  in  text-books.  The 
author's  object  has  been  to  supply  this  want  so  far  as  he  was 
able  to 'do  it. 

The  subject  of  sur\'eying,  both  in  the  books  and  in  the 
schools,  has  been  too  largely  confined  to  Land  Surveying.  The 
engineering  graduates  of  our  technical  schools  are  probably 
called  upon  to  do  more  in  any  one  of  the  departments  of  Rail- 
road, City,  Topographical,  Hydrographical,  Mining,  or  Geodetic 
Surveying  than*  in  that  of  Land  Surveying.  Some  of  these 
subjects,  as  for  example,  City,  Geodetic,  and  Hydrographical 
Surveying,  have  not  been  formulated  hitherto,  in  any  adequate 
sense,  in  either  English  or  any  other  language,  to  the  author's 
knowledge.  In  the  case  of  Geodetic  Surveying  there  has  been 
a  wide  hiatus  between  the  matter  given  in  text-books  and  the 
treatment  of  the  subject  in  works  on  Geodesy  and  in  special 
reports  of  geodetic  operations.  The  latter  was  too  technical, 
prolix,  and  difficult  to  give  to  students,  while  the  former  was  entirely 
inadequate  to  any  reasonable  preparation  for  this  kind  of  work 
on  e\'en  a  small  scale.  The  subjects  of  City  and  Hydrographical 
Surveying  as  here  presented  are  absolutely  new. 

vu 
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Part  I  treats  of  the  adjustment,  use,  and  care  of  all  kinds 
of  instruments  sued  in  surveying,  either  in  field  or  office.^  In 
describing  the  adjustments  of  instruments  the  object  has  been 
to  present  to  the  mind  of  the  reader  the  geometrical  relations 
from  which  a  rule  or  method  of  adjustment  would  naturally 
follow  The  author  has  no  sympathy  with  descriptions  of  adjust- 
ments as  mechanical  processes  simply  to  be  committed  to  memory, 
any  more  than  he  has  with  that  method  of  teaching  geometry 
wherein  the  student  is  allowed  to  memorize  the  demonstration. 

Many  sur\'eying  instruments  not  usually  described  in  books 
on  sur\'eying  are  fully  treated,  such  as  planimeters,  panto- 
graphs, barometers,  protractors,  etc.  The  several  sets  of  prob- 
lems given  to  be  worked  out  by  the  aid  of  the  corresponding 
instruments  are  designed  to  teach  the  capacity  and  limitations 
of  such  instruments,  as  well  as  the  more  important  sources  of 
error  in  their  use.  This  work  is  such  as  can  be  performed  about 
the  college  campus,  or  in  the  near  vicinity,  and  is  supposed 
to  be  assigned  for  afternoon  or  Saturday  parctice  while  the  sub- 
ject is  under  consideration  by  the  class.  More  extended  surveys 
require  a  special  field-season  for  their  successful  prosecution.^ 

The  methods  of  the  differential  and  integral  calculus  have 
be©n  sparingly  used,  as  in  the  derivation  of  the  barometric  for- 
mxila  for  elevations,  and  of  the  L  M  Z  formulae,  in  Appendix  D. 
Such  demonstrations  may  have  to  be  postponed  to  a  later  period 
of  the  course. 

Part  II  includes  descriptions  of  the  theory  and  practice  of 
Surveying  Methods  in  the  several  departments  of  Land,  Topo- 


*  Certain  special  appliances,  as  for  example,  helilropes,  filar  micromelers, 
current  metres,  etc.,  arc  treated  in  the  subsequent  chapters. 

*  At  Washington  University  all  the  engineering  Sophomores  go  into  the  field 
for  four  weeks  at  the  end  of  the  college  year,  and  make  a  general  land  and  topo- 
graphical survey,  such  as  shown  in  Plate  II.  At  the  end  of  the  Junior  year  the 
civil-engineering  students  go  again  for  four  weeks,  making  then  a  geodetic  and 
railroad  survey.  Some  distant  region  is  selected  where  the  ground,  boarding 
facilities,  etc.,  are  suitable. 
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graphfcal,  Railroad,  Hydrographical,  Mining,  City,  and  Geo- 
detic Surveying;  Surveys  for  the  Measurement  of  Volumes; 
and  the  Projection  of  Maps,  Map  Lettering,  and  Topographical 
Signs.  The  author  has  tried  to  treat  these  subjects  in  a  concise, 
scientific,  and  practical  way,  giving  only  the  latest  and  most 
approved  methods,  and  omitting  all  problems  whose  only  claim 
for  attention  is  that  of  geometrical  interest. 

In  treating  the  trite  subject  of  Land  Suneying  many  prob- 
lems which  are  more  curious  than  useful  have  been  omitted, 
and  several  new  features  introduced.  The  subjects  of  comput- 
ing areas  from  the  rectangular  co-ordinates,  and  the  supply- 
ing of  missing  data,  are  made  problems  in  analytical  geometry, 
as  they  should  be.  A  logarithmic  Traverse  Table  for  ever}* 
minute  arc  of  from  zero  to  90°,  arranged  for  all  azimuths  from 
zero  to  360°,  to  be  used  in  connection  with  a  four-place  loga- 
rithmic table,  senses  to  compute  the  co-ordinates  of  lines  when 
the  transit  is  the  instrument  used.  A  traverse  table  com- 
puted for  every  15  minutes  of  arc  is  no  longer  of  much  value. 
The  isogonic  declination-curves  shown  in  Plate  I  will  be  foimd 
to  embody  all  the  accessible  data  up  to  1885,  and  are  reduced 
from  the  U.  S.  Coast  Survey  chart.  Appendix  A  will  be  found 
of  great  value  as  outlining  the  Judicial  Functions  of  the  Surveyor 
by  the  best  possible  authority. 

The  Chapter  on  Mining  Surveying  was  written  by  Mr. 
C.  A.  Russell,  C.E.,  U.  S.  Deputy  Mineral  Surveyor  of  Boulder, 
Colorado.^  He  has  had  an  extended  experience  in  Hydrographic 
Surve}dng,  in  addition  to  many  years'  practice  in  surveying 
mines  and  mining  claims. 

The  chapter  on  City  Sur\^eying  was  written  by  Mr.  Wnl. 
Bouton,  C.E.,  City  Surveyor  of  St.  Louis,  Mo.  Mr.  Bouton 
has  done  a  large  proportion  of  the  city  surveying  in  St.  Louis 


*  This    chapter   has    now    been    replaced    by   another   by    Professor    R.    S. 
^ockton,  of  th«  Colorado  School  of  Mines. 
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for  the  last  twenty  years,  and  has  gained  an  enviable  reputa- 
tion as  a  reliable,  scientific,  and  expert  suneyor. 

It  is  believed  that  the  ripe  experience  of  these  gentiemen 
which  has  been  embodied  in  their  respective  chapters  will  mate- 
rially enhance  the  value  of  the  book. 

The  author  also  desires  to  acknowledge  his  indebtedness  to 
his  friend  H.  S.  Pritchett,  Professor  of  Astronomy  in  Washington 
University,^  for  valuable  assistance  in  the  preparation  of  the 
matter  on  T  ime  in  Chapter  XIV. 

Although  the  theorems  and  the  notation  of  the  method  of 
least  squares  are  not  used  in  this  work,  yet  two  problems  arc 
solved  by  what  is  called  themelhod  of  Ike  arithmetic  mean  (which, 
when  properly  defined,  is  the  same  as  the  method  of  least  squares), 
which  will  serve  as  a  good  introduction  to  the  study  of  the  method 
of  least  squares.  These  problems  are  the  Rating  of  a  Current- 
metre,  in  Chapter  X,  and  the  Adjustment  of  a  Quadrilateral, 
in  Chapter  XIV.  The  author  has  found  that  such  solutions 
as  these  serve  to  make  clear  to  the  mind  of  the  student  exactlv 
what  is  accomplished  by  the  least-square  methods  of  adjusting 
observations. 

The  chapter  of  Measurement  of  Volumes  is  not  intended 
to  be  an  exhaustive  treatment  of  the  subject  of  earthwork,  but 
certain  fundamental  theorems  and  relations  are  established 
which  will  enable  the  student  to  treat  rationally  all  ordinary- 
problems.  The  particular  relation  between  the  Henck  pris- 
moid  and  the  warped-surface  prismoid  is  an  important  one, 
but  one  which  the  author  had  nowhere  found. ^ 

An  earthwork  table  (Table  XI)  has  also  been  prepared 
which  gives  volumes  directly,  without  correction,  for  the  warped - 
surface  prismoid.  The  author  has  no  knowledeje  that  such  a 
table  has  ever  been  prepared  before. 


*  Since  made  Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  and  now 
(1900)  President  of  the  Massachusetts  Institute  of  Technology. 

'  The  author's  attention  has  since  been  called  to  the  fact  that  this  relation 
was  published  in  Henck's  **  Field  Book  "  in  1881. 
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A  former  work  by  the  author  on  Topographical  Surveying 
by  the  Transit  and  Stadia  is  substantially  included  in  this  book. 

The  methods  recommended  for  measuring  base-lines  with 
steel-tapes  are  new;  but  they  have  been  thoroughly  tested,  and 
are  likely  to  work  a  material  change  in  geodetic  methods. 

The  author  wishes  to  acknowledge  his  obligations  to  many 
instrument-manufacturers  for  the  privilege  they  have  very  kindly 
accorded  to  him  of  having  electrotype  copies  made  from  the 
original  plates,  for  many  of  the  cuts  of  instruments  given  through- 
out the  book;  persons  familiar  with  the  valuable  catalogues 
published  by  these  firms  will  recognize  the  makers  among  the 
following:  W.  &  L.  E.  Gurley,  Troy,  N.  Y.;  BuflF  &  Berger, 
Boston,  Mass.;  Fauth  &  Co.,  Washington,  D.  C;  Queen  &  Co. 
and  Yoimg  &  Sons,  Philadelphia,  Pa.;  Keuffel  &  Esser,  New 
York;  and  F.  E.  Brandis  Sons  &  Co.,  Brooklyn,  N.  Y.  Also 
to  Mr.  W.  H.  Searles  for  the  privilege  of  using  'copies  of  plates 
from  his  Field-book  for  Tables  I,  VI,  and  VII. 

Hoping  this  work  will  assist  in  lifting  the  business  of  sur- 
veying to  a  higher  professional  plane,  as  well  as  to  enlarge  its 
boundaries,  the  author  submits  it  to  surveyors  and  engineers 
generally,  but  especially  to  tlie  instructors  and  students  in  our 
engineering  schools,  for  such  crucial  tests  as  the  field  and  the 
class-room  only  can  give. 

J.  B.  J. 

St.  Louis,  Sept.  23,  1886.    . 
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SURVEYING 


INTRODUCTION 

Surveying  is  the  art  of  making  such  field  observations  and 
measurements  as  are  necessary  to  determine  positions,  areas, 
voliunes,  or  movements  on  the  earth's  surface.  The  field  opera- 
tions employed  to  accomplish  any  of  these  ends  constitute  a 
survey.  Accompanying  such  survey  there  is  usually  the  field 
record,  the  computation,  and  the  final  maps,  plats,  profiles,  areas, 
or  volimies.  The  art  of  making  all  these  belongs,  therefore,  to 
the  subject  of  surveying.  When  the  survey  is  of  such  limited 
areas  that  the  effects  of  the  earth's  curvature  need  not  be  con- 
sidered, it  is  called  Plane  Surveying.  Where  the  survey  covers 
so  large  an  area  that  the  effect  of  the  earth's  curvature  must  be 
considered,  it  is  called  Geodetic  Surveying. 

Inasmuch  as  aU  fixed  engineering  structures  or  works  involve 
a  knowledge  of  that  portion  of  the  earth's  surface  on  which  they 
are  placed,  together  with  the  necessary  or  resulting  changes  in 
the  same,  so  tfie  execution  of  such  works  is  usually  accompa- 
nied by  the  surveys  necessary  to  obtain  the  required  informa- 
tion. Thus  surveying  is  seen  to  be  intimately  related  to 
engineering,  but  it  should  not  be  confounded  with  it.  All 
engineers  should  have  a  thorough  knowledge  of  surveying, 
but  a  surveyor  may  or  may  not  have  much  knowledge  of 
engineering. 
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The  subject  of  Surveying  naturally  divides  itself  into — 
I.  The  Adjustment,  Use,  and  Care  of  Instruments. 
n.  Methods  of  Field  Work. 

III.  The  Records,  Computations,  and  Final  Products. 

All  the  ordinary  instruments  that  a  surveyor  may  be  called 
upon  to  use  in  any  of  the  departments  of  the  work  will  be  dis- 
cussed in  the  following  pages.  The  most  approved  methods 
only  will  be  given  for  obtaining  the  desired  information,  and 
many  problems  that  are  more  curious  than  useful  will  not  be 
mentioned.  The  student  is  assumed  to  possess  a  knowledge  of 
geometry,  and  of  plane  and  spherical  trigonometry.  He  is  also 
supposed  to  be  guided  by  an  instructor,  and  have  access  to 
most  of  the  instruments  here  mentioned,  with  the  privilege  of 
using  them  in  the  field. 

Accuracy  of  Measurements,  The  field  work  of  surveying 
consists  wholly  of  measuring  distances,  angles,  and  time,  and  it  is 
well  to  remember  that  no  measurement  can  ever  be  made  exactiy. 
The  first  thing  the  young  surveyor  needs  to  learn,  therefore,  is 
the  proportionate  error  allowable  in  the  special  work  assigned 
him  to  perform.  It  is  of  the  utmost  importance  to  his  success 
that  he  shall  thoroughly  study  this  subject.  He  should  know 
what  all  the  sources  of  error  are,  and  their  relative  importance; 
also  the  relative  cost  of  diminishing  the  size  of  such  errors.  Then, 
with  a  given  standard  of  accuracy,  he  will  know  how  to  make 
the  survey  of  the  required  standard  with  the  least  expendi- 
ture of  time  and  labor.  He  must  not  do  aU  parts  of  the 
work  as  accurately  as  possible,  or  even  with  the  same  care. 
For,  if  the  expense  is  proportioned  to  the  accuracy  of  results, 
then  he  is  the  most  successful  surveyor  who  does  his  work 
just  good  enough  for  the  purpose.  The  relative  size  of  the 
various  sources  of  error  is  of  the  utmost  importance.  One 
should  not  expend  considerable  time  and  labor  to  reduce  the 
error  of  measurement  of  a  line  to  i  in  10,000  when  the  un- 
known error  in  the  length  of  the  measuring  unit  may  be  as 
high  as  I  in  1000. 
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CompenscUing  vs.  Cumulative  Errors.  The  surveyor  must 
carefully  discriminate,  also,  between  compensating  errors  and 
cumulative  errors.  A  compensating  error  is  one  which  is  as 
likely  to  be  plus  as  minus,  and  it  is  therefore  largely  com- 
pensated in,  or  eliminated  from,  the  result.  A  cumulative  error 
is  one  which  always  enters  with  the  same  sign,  and  therefore  it 
accumulates  in  the  result.  Thus,  in  chaining,  the  error  in  setting 
the  pin  is  a  compensating  error,  while  the  error  from  erroneous 
length  of  chain  is  a  cumulative  error.  K  a  mile  is  chained  with 
a  66-foot  chain,  there  are  80  measurements  taken.  Suppose 
the  error  of  setting  the  pin  be  0.5  inch,  and  the  error  in  the 
length  of  the  chain  be  o.i  inch.  Now  the  theory  of  probabili- 
ties shows  us  that  in  the  case  of  compensating  errors  the  square 
root  of  the  number  of  errors  probably  ^  remains  uncompensated. 
The  probable  error  from  settmg  the  pins  is  therefore  9X0.5 
inch =4. 5  inches.  The  error  from  erroneous  length  of  chain 
is  80X0.1  inch =8  inches.  Thus  we  see  that  although  the  error 
from  setting  the  pins  was  five  times  as  great  as  that  from  erro- 
neous length  of  chain,  yet  in  running  one  mile  the  resulting  error 
from  the  latter  cause  was  nearly  twice  that  from  the  former. 
A  careful  study  of  the  various  sources  of  error  affecting  a  given 
kind  of  work  will  usually  enable  the  surveyor  either  to  add  gready 
to  its  accuracy  without  increasing  its  cost,  or  to  gready  diminish 
its  cost  without  diminishing  its  accuracy .^ 

The  surveyor  should  have  no  desire  except  to  arrive  at  the 
truth.  This  is  the  true  scientific  spirit.  He  should  be  most 
severely  honest  with  himself.  He  should  not  allow  himself 
to  change  or  "fudge"  his  notes  without  sufficient  warrant, 
and  then  a  full  explanation  should  be  made  in  his  note-book. 
Neither  should  he  make  his  results  appear  more  accurate  than 


*  The  meaning  of  this  statement  is  that  on  the  average  this  will  occur  oftener 
than  any  other  combination,  and  that  any  single  result  will,  on  the  average^  be 
nearer  to  this  result  than  to  any  other. 

*  For  a  discussion  of  probable  error  see  Appendix  D, 
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they  really  are.  He  should  always  know  what  was  about  the 
relative  accuracy  with  which  his  field  work  was  done,  and  carry 
his  results  only  so  far  as  the  accuracy  of  the  work  would  war- 
rant. He  is  either  foolish  or  dishonest  who,  having  made  a 
survey  of  an  area,  for  instance,  with  an  error  of  closure  of  i  in 
300,  should  carry  his  results  to  six  significant  figures,  thus  giv- 
ing the  area  to  i  in  500,000.  It  is  usual  to  carry  the  computa- 
tions one  place  farther  than  the  results  are  known,  in  order  that 
no  additional  error  may  come  in  from  the  computation.  It  is 
not  unusual,  however,  to  see  results  given  in  published  docu- 
ments to  two,  three,  or  even  four  places  farther  than  the  observa- 
tions would  warrant. 

The  student  should  make  himself  familiar  with  the  structure 
and  use  of  every  part  of  every  instrument  put  into  his  hands. 
The  best  way  of  doing  this  is  to  take  the  instrument  all  apart 
and  put  it  together  again.  If  this  is  not  practicable  for  each 
student  in  college,  when  he  is  given  an  instrument  in  real  prac- 
tice, he  should  then  make  himself  thoroughly  familiar  with  it 
before  attempting  to  use  it. 

The  adjustments  of  instruments  should  be  studied  as  problems 
in  descriptive  geometry  and  not  as  mechanical  manipulations, 
learned  in  a  mechanical  way;  and  when  adjusting  an  instrument 
the  geometry  of  the  problem  should  be  in  the  mind  rather  than 
the  rule  in  the  memory.  Rarely,  if  ever,  should  the  instructor 
do  the  actual  work  of  adjusting  an  instrument  for  the  student. 
Instead  the  beginner  should  be  encouraged  to  make  the  a<^i- 
justments  frequently.  The  most  important  adjustment  should 
be  made  daily. 

Students  of  engineering  in  technical  schools  are  urged  to 
make  themselves  familiar  with  every  kind  of  instrument  in  the 
outfit  of  the  institution,  and  to  do  in  the  field  every  kind  of  work 
herein  described  if  possible.  Otherwise  he  may  be  called  upon 
to  do,  or  to  direct  others  to  do,  what  he  has  never  done  himself, 
and  he  will  then  find  that  his  studies  prove  of  little  avail  with- 
out the  real  knowledge  that  comes  only  from  experience. 
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An  experience  of  fifteen  years  in  the  teaching  of  surveying 
to  engineering  students  has  convinced  the  writer  that  the  hardest 
task  which  beginners  in  this  work  find  is  the  proper  recording 
of  their  field  notes. 

The  criterion  to  be  applied  is. that  these  notes  should  show 
so  clearly  the  exact  work  done  in  the  field  that  a  stranger  to  the 
work  would  give  to  them  only  one  interpretation,  and  that  the 
true  one.  Students  seem  inclmed  to  regard  field  work  and  its 
recorded  notes  an  end  in  themselves,  when  in  fact  their  main 
purpose  Is  for  preparing  maps  or  reports. 

In  no  other  w^ay  can  the  field  engineer  increase  the  reliability 
of  his  work  and  so  win  the  confidence  and  esteem  of  his  employers 
as  by  excelling  in  the  manner  of  keeping  his  field  records. 
What  may  seem  trivial  points  to  the  beginner  are  often  of  vital 
importance.  For  example,  in  the  case  of  so  simple  a  matter 
as  that  of  dating  each  day's  work,  a  case  once  arose  in  the  writer's 
experience  where  the  date  in  his  field  book,  by  showing  that 
certain  grades  had  been  given  at  a  certain  date,  was  worth  several 
thousands  of  dollars  to  his  employers. 

The  right-hand  page  should  be  used  freely  in  explanatory 
notes  and  sketches  neatly  executed.  Especially  is  this  necessary 
in  describing  bench  marks  or  transit  stations,  and  yet  it  is  here 
that  the  beginner  most  often  fails. 

Next  in  importance  to  the  completeness  and  accuracy  of 
the  field  notes  is  the  adoption  of  some  system  for  the  logical 
an-angement  of  the  data  and  the  computations  based  upon  them. 
The  beginner  is  unlikely  to  realize  the  importance  of  this  matter 
in  securing  accurate  results,  and  too  frequently  covers  wdth  his 
computation  the  largest  sheet  of  paper  he  can  find.  In  prac- 
tical work  it  has  been  found  necessary  to  make  the  computations 
in  a  blank  book  kept  only  for  this  purpose.  This  encourages 
compactness  and  neatness  in  the  arrangement  of  the  computa- 
tk)ns  and  when  properly  labelled  is  always  ready  for  future 
inspection. 
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SMITH'S  Field  Manual^ 

Professor  Leonard  S.  Smith,  of  the  University  of  Wisconsin, 
has  prepared  a  field  manual  of  notes  and  problems  for  the  use 
of  students  in  surveying,  especially  designed  to  accompany  this 
work.  Teachers  and  students  using  this  work  as  a  text-book  will 
find  the  Manual  of  Professor  Smith  very  helpful.  It  contains 
sixty  problems,  and  while  a  number  of  them  have  reference  to 
particular  marks  on  the  campus  of  the  University  of  Wisconsin, 
these  could  be  readily  changed  to  suit  any  set  of  local  conditions. 
This  manual  is  neatly  bound  in  red  morocco  and  can  be  obtained 
from  the  University  Cooperative  Company,  Madison,  Wis. 
Price,  $1.25. 


This  note  added  in  the  sixteenth  and  subsequent  editions. 


BOOK  I 
ADJUSTMENT,   USE,  AND  CARE  OF   INSTRUMENTS 


CHAPTER  I 

instruments  for  measuring  distances 
The  Chain' 

1.  The    Eogineer's    Chain   is   50  or    100  feet  long,   and 
should  be  ma<le  of  No.  1 2  strel  wire.   The 

links  are  one  foot  long,  inclu<ling  the  con- 
necting rings.  All  joints  in  rings  and  links 
shoulfl  be  brazed  to  prevent  giving.  The 
connections  are  designed  so  as  to  admit  of 
as  little  stretch  as  possible.     E\'er\'  tenth 

foot  is  marked  by  a  special  form  of  brass 

tag.     If  the  chain  is  adjustable  in  length, 

it  should  be  made  of  standard  length  by 

measuring  from  the  inside  of  the  handle 

at  one  end  to  the  outside  of  the  handle  at 

the  other.     If  it  is  not  adjustable,  measure 

from  the  outside  of  the  handle  at  the  rear 

end  to  the  standard  mark  at  the  forward 

end.  Fic.  1. 

2.  Gunter's    Chain  is  (>b  feet  long,  and  is  divided  into  100 
links,   each   link   being   7.y2    inches   in   length.     This  chain    is 

'  The  metric  chain  is  usually  20  iiicicrs  lung.     Ii  is  divided  into  100  links, 
caih  of  1  decimeters  in  length. 
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mostly  used  in  land-surveying,  where  the  ax:re  is  the  unit  of 
measure.  It  was  invented  by  Edmund  Gunter,  an  English 
astronomer,  about  1620,  and  is  very  convenient  for  obtaining 
areas  in  acres  or  distances  in  miles.    Thus, 

One  mile =80  chains;  also. 
One  acre  =160  square  rods, 
=  10  square  chains, 
=  100,000  square  links. 
If,  therefore,  the  unit  of  measure  be  chains  and  hundredths 
(links),  the  area  is  obtained  in  square  chains  and  decimals,  and 
by  pointing  off  one  more  place  the  result  is  obtained  in  acres. 
This  is  the  length  of  chain  used  on  all  the  U.  S.  land  surveys. 
In  all  deeds  of  conveyance  and  other  documents,  when  the  word 
chain  is  used  it  is  Gunter's  chain  that  is  meant. 

3.  Testing  the  Chain.  No'  chain,  of  whatever  material 
or  manufacture,  will  remain  of  constant  length.  The  length 
changes  from  temperature,  wear,  and  various  kinds  of  distor- 
tion. A  change  of  temperature  of  70*^  F.  in  a  loo-foot  chain 
will  change  its  length  by  0.05  foot,  or  a  change  of  i  in  2000. 

If  the  links  of  a  chain  are  joined  by  three  rings,  then  there 
are  eight  wearing  surfaces  for  each  link,  or  eight  hundred 
wearing  surfaces  for  a  66-  or  loo-foot  chain.  If  each  surface 
should  wear  0.0 1  inch,  the  chain  is  lengthened  by  eight  inches. 
It  is  not  uncommon  for  a  railroad  survey  of,  say,  300  miles  to 
be  run  with  a  single  chain.  If  such  a  chain  were  of  exactiy  the 
right  length  at  the  beginning  of  the  survey,  it  might  be  six  inches 
too  long  at  the  end  of  it. 

The  change  of  length  from  distortion  may  come  from  a 
flattening  out  of  the  connecting  rings,  from  bending  the  links, 
or  from  stretching  the  chain  beyond  its  elastic  limit,  thus  giv- 
ing it  a  permanent  set.  Both  the  wear  and  the  distortion  are 
likely  to  be  less  for  a  steel  chain  than  for  an  iron  one.  When 
a  bent  link  is  straightened  it  is  permanentiy  lengthened. 

When  we  remember  that  all  unknown  changes  in  the 
length  of  the  chain  produce  cumulative  errors  in   the  meas- 
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ured  lines,  we  see  how  important  it  is  that  the  true  length  of 
the  chain  should  be  always  known,  or  better,  that  the  standard 
length  (50,  66,  or  100  feet)  should  be  properly  measured  from 
one   end  of  the  chain  and  marked  at  the  other.    This  chain 
test  is  most  readily  accomplished  by  the  aid  of  a  standard  steel 
tap>e  which  is  at  least  as  long  as  the  chain.^     By  the  aid  of  such 
a  tape  a  standard  length  may  be  laid  off  on  the  floor  of  a  large 
room,  or  two  stones  may  be  firmly  set  in  the  ground  at  the 
proper  distance  apart  and  marks  cut  upon  their  upper  sur- 
faces.   If  stones  are  used  they  should  reach  below  the  frost- 
line.    Or  a  short  tape,  or  other  standard  measuring  unit,  may 
be   used  for  la3ang  off  such  a  base-line.     Some   ready   means 
^ould  at  all  times  be  available  for  testing  the  chain.     Since  a 
chain  always  grows  longer  with  use,  the  forward  end  of  the  chain 
will    move  farther   and   farther   from   the  standard   mark.    A 
small   file-mark   may  be   made  on    the   handle   or   elsewhere, 
and  then  removed  when  a  new  test  gives  a  new  position.    Care 
must  be  exercised  to  see  that  there  are  no  kinks  in  the  chain 
either  in  testing  or  in  use. 

In  laying  out  the  standard  base  the  temperature  at  which 
the  unit  of  measure  is  standard  should  be  known  (this  tempera- 
ture is  stamped  on  the  better  class  of  steel  tapes),  and  if  the 
base  is  not  laid  out  at  this  temperature,  a  correction  should 
be  made  before  the  marks  are  set.  The  coefficient  of  expansion 
of  iron  and  steel  is  very  nearly  0.0000065  for  1°  F.  If  To  be 
the  temperature  at  which  the  tape  is  standard,  T  the  tem- 
perature at  which  the  base  is  measured,  and  L  the  length  of 
the  base,  then  0.0000065  {T{)—T)L  is  the  correction  to  be 
applied  to  the  measured  length  to  give  the  true  length. 

When  the  chain  is  tested  by  this  standard  base  the  tem- 
perature should  be  again  noted,  and  if  this  is  about  the  mean 
temperature  for  the  field  measurements  no  correction  need  be 


'  The  National  Bureau  of  Standards  at  Washington,  D.  C,  will  test  any  tape 
for  a  very  small  fee. 
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made  to  the  field  work.  If  it  is  known,  at  the  time  the  chain 
k  tested,  that  the  temperature  is  very  different  from  the  prob- 
able mean  of  the  field  work,  then  the  standard  mark  can  be  so 
placed  on  the  chain  as  to  make  it  standard  when  in  use. 

4.  The  Use  of  the  Chain.  The  chain  is  folded  by  taking 
it  by  the  middle  joint  and  folding  the  two  ends  simultaneously. 
It  is  opened  by  taking  the  two  handles  in  one  hand  and  throwing 
the  chain  out  with  the  other. 

Since  horizontal  distances  are  always  desired  in  surveying, 
the  chain   should   be  held   horizontally   in   measuring.     Points 
vertically  below  the  ends  of  the  chain  are  marked  by  iron  pins, 
the  head  chainman  placing  them  and  the  rear  chainman  remov- 
ing them  after  the  next  pin  is  set.    The  chain  is  lined  in  either 
by  the  head  or  rear  chainman,  or  by  the  observer  at  the  instru- 
ment, according   as  the   range-pole  is  in  the  rear,  or  in  front, 
or  not   visible  by  either  chainman.     When  chaining  on  level 
ground,  the  rear  chainman  brings  the  outside  of   the   handle 
against  the  pin,  and  the  head  chainman  sets  the  forward  side 
of  his  pin  even  with  the  standard  mark  on  the  chain.     By  this 
means  the  centers,  of  the  pins  are  the  true  distance  apart.     On 
uneven  ground  both  chainmen  cannot  hold  to  the  pin;  one  end 
being   elevated    in   order   to  bring   the   chain   to   a   horizontal 
position.     In  this  case  there  are  three  difficulties  to  be  over- 
come.    The  chain  should  be  drawn  so  taut  th^t  the  stretch 
from  the  pull  would  balance  the  shortening  from  the  sag;    the 
chain  should  be  made  horizontal;    the  elevated  end-mark  must 
be  transferred  vertically  to  the  ground.    It  is  practically  impos- 
sible   to  do   any  of  these  exactiy.     The  first  could  be  deter- 
mined by  trial.    Stretch  the  chain  between  two  points  at  the 
same   elevation,   having   it  supported   its  entire  length.    Then 
remove  the  supports,  and  see  how  strong  a  pull  is  required  to 
bring  it  to  the  marks  again.    This  should  be  done  by  the  chain- 
men  themselves,  thus  enabling  them  to  judge  how  hard  to  pull 
it  when  it  is  off  the  ground.    To  hold  the  chain  horizontal  on 
sloping  ground  is  very  difficult,  on  account  of  the  judgment 
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being  usually  very  much  in  error  as  to  the  position  of  a  hori- 
zontal line.  In  all  such  cases  the  apparently  horizontal  line  is 
much  too  nearly  parallel  with  the  ground.  Sometimes  a  level  has 
been  attached  to  one  end  of  the  chain,  in  which  case  it  should 
be  adjusted  to  indicate  horizontal  end-positions  for  a  certain 
pull,  this  being  the  pull  necessary  to  overcome  the  shortening 
from  sag.  To  hold  a  plumb-line  at  the  proper  mark,  with  the 
chain  at  the  right  elevation,  and  stretched  the  proper  amount, 
requires  a  steady  hand  in  order  that  the  plumb-bob  may  hang 
stationary.  This  should  be  near  the  ground,  and  when  all  is 
ready,  it  is  dropped  by  the  chainman  letting  go  the  string. 
The  pin  is  then  stuck  and  the  work  proceeds.  It  is  common 
in  this  country  for  the  rear  chainman  to  call  "stick''  when  he 
is  ready,  and  for  the  head  chainman  to  answer  "stuck"  when 
he  has  set  the  pin.  The  rear  chainman  then  pulls  his  pin  and 
walks  on. 

Chaining  downhill  has  been  found  more  accurate  than  chain- 
ing uphill,  because  in  the  first  case  the  rear  end  is  held  firmly 
at  a  point  on  the  ground.  This  allows  the  head  chainman  to 
pull  .steadily  on  the  chain  and  to  transfer  the  chain  length  to 
the  ground  by  use  of  the  plumb-bob. 

On  fairly  even  slopes  it  has  been  found  more  accurate  to 
measure  the  angle  of  the  slope  and  then  do  the  chaining  on  the 
surface  of  the  ground.  The  true  horizontal  distances  would 
be  found  by  multiplying  the  slope  measurements  by  the  cosine 
of  the  slope  angle. 

There  should  be  eleven  pins,  marked  with  strips  of  colored 
flannel  tied  in  the  rings  to  assist  in  finding  them  in  grass  or 
brush.  In  starting,  the  rear  chainman  takes  a  pin  for  the  initial 
point,  leaving  the  head  chainman  with  ten  pins.  When  the 
last  pin  is  stuck,  the  head  chainman  calls  "out,*'  and  waits  by 
this  station  until  the  rear  chainman  comes  up  and  delivers  over 
the  ten  pins  now'  in  his  posession.  The  eleventh  pin  is  In  the 
ground,  and  serves  as  the  initial  jx)int  for  the  second  score. 
Thus  only  every  ten  chains  need  be  scored. 
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Good  chaining,  therefore,  consists  in  knowing  the  length  of 
the  chain,  in  true  alignment,*  horizontal  and  vertical,  and  in 
proper  stretching,  marking,  and  scoring. 


The  Steel  Tape 

5.  Varieties.  Steel  tapes  are  now  made  from  one  yard  to 
1000  feet  in  length,  graduated  metrically,  or  in  feet  and  tenths. 
A  pocket  steel  tape  from  three  to  ten  feet  long  should  always 
be  carried  by  the  surveyor.  A  50-foot  tape  is  best  fitted  to 
city  surveying  where  there  are  appreciable  grades.  For  cities 
without  grades  a  100-foot  tape  might  be  found  more  useful. 
For  measuring  base-lines,  or  for  some  kinds  of  mining  surveying, 
a  300-  or  500-foot  tape  is  best.  These  are  of  small  cross-section, 
being  about  o.i  inch  wide  and  0.02  incht  hick.  A  tape  about 
0.33  inch  wide  and  0.02  inch  thick  (Figs.  2  and  3)  is  perhaps  best 
suited  to  general  surveying.  During  the  past  few  years  a  special 
form  of  steel  tape,  called  a  band  chain,  has  come  much  into  use. 
It  is  composed  of  narrow  and  thicker  steel  and  is  less  likely  to 
become  broken.  Its  cost  is  less  than  half  that  of  the  old-stvle 
steel  tape,  and  it  is  much  more  difficult  to  break. 


»  The  error  in  length  due  to  poor  alignment  may  be  computed  from  the  approxi- 

,3 


mate  formula, 


X,  the  error  =  /t  — 6=^ 


2b 


Thus  in  the  right  angle 

h=bi-x. 
Substituting  we  have 

2bx-\-x'*=v^t 
or  neglecting  second  power  of  x, 
2bx=v  , 

x=-—. 
26 

This  formula  is  correct  to  the  nearest  j^  foot  even  when  v*  1 4  feet  and  6«  109  fcef 
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Besides  the  steel  tape,  cloth   and   metallic   tapes  are  some- 
times  used.     The  cloth  tape  stretches  so  easily  as  to  be  of  little 


use  in  siir\'eying.  The  so-called  metallic  tapes  are  made  of 
cloth  with  fine  brass  wire  woven  in  to  prevent  the  stretching. 
They  should  not  be  used  except  for  short  measurements. 


6.  The   Use  of  Steel  Tapes.     Steel  tape-measures  are  used 
just  as  chains  are.     They  are  provided  with  handles,  but  the 
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end  graduation-marks  are  usually  on  the  tape  itself  and  not  on 
the  handle.  They  are  graduated  to  order,  the  graduations 
being  either  etched  or  made  on  brass  sleeves  which  are  fastened 
on  the  tape.  Their  advantages  are  many.  They  do  not  kink, 
stretch,  or  wear  so  as  to  change  their  length,  so  that,  with 
careful  handling,  they  remain  of  constant  length  except  for 
temperature.  They  are  used  almost  exclusively  in  city  and 
bridge  work,  and  in  the  measurement  of  base-lines.  The  same 
precautions  must  be  taken  in  regard  to  alignment,  pull,  and 
marking  with  the  tape,  as  was  described  for  the  chain. ^ 

The  Odometer  is  an  instrument  which  when  attached  to  the 
heel  of  a  carriage,  records  the  number  of  revolutions  of  the 
wheel.     See  Art.  126. 

7.  Other  Instruments.  Because  of  the  ease  and  rapidity 
with  which  they  can  be  taken,  stadia  measurements  are  becoming 
very  popular  where  great  accuracy  is  not  required.  The  work 
is  done  by  a  transit  provided  with  t^vo  extra  horizontal  cross- 
wires  so  spaced  that  they  intercept  a  foot  on  a  speaking  rod  for 
every  100  feet  distant.     See  Chapter  VIII  for  a  full  discussion. 

8.  Common  Sources  of  Error  in  Measurement  of  Dis- 
tances. 

li  Insufficient  pull  on  tape  or  chain. 

2.  Careless  plumbing. 

3.  Incorrect  alignment. 

4.  Effect  of  wind. 

5.  Variation  of  temperature. 

6.  Erroneous  length  of  chain  or  tape. 

9.  Conmion  Mistakes  in  Reading  and  Recording  Meas- 
urements. 

1.  Failure  to  observe  the  j)osition  of  the  zero  ix)int  of  the 

tape. 

2.  Omitting  a  whole  chain  or  tape  length. 


*  For  methods  of  using  the  steel  tape  in  accurate  measurements,  see  Chapter 
XIV,  Base-Line  Measurements. 
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3.  Reading  from  the  wrong  end  of  chain,  as  30  feet  for 

70  feet,  or  in  the  wrong  direction,  as  35  feet  for  65  feet. 

4.  Transposing  figures,  thus  38.62  for  38.26,  or  reading 

tape  upside  down,  thus  6  for  9  or  86  for  98. 

5.  Reading  wrong  foot  mark,  thus  39.62  for  38.62. 

EXERCISES 
To  be  worked  out  on  the  ground  by  the  use  of  the  chain  or  tape  alone. 

1.  To  chain  a  Une  over  a  hill  between  two  given  points,  not  visible  from 
eath  other. 

Range-poles  are  set  at  the  given  points.  Then  the  two  chainmen,  each  with 
a  range-pole,  range  themselves  in  between  the  two  fixed  points,  near  the  top  of 
the  hill,  by  successive  approximations.     The  line  can  then  be  chained. 

2.  To  chain  a  line  across  a  valley  between  two  fixed  points. 

Establish  other  range-poles  by  means  of  a  plumb-line  held  on  range  between 
the  points. 

3.  To  chain  a  line  between  two  fixed  points  when  woods  intervene,  and  the 
tnic  line  is  not  to  be  cleared  out. 

Range  out  a  trial  line  by  poles,  leaving  fixed  points.  Find  the  resulting  error 
at  the  terminus,  and  move  all  the  points  over  their  proportionate  amount.  The 
mie  line  may  then  be  chained. 

4.  To  set  a  stake  in  a  line  perpendicular  to  a  given  line  at  a  given  point. 

All  multiples  of  3,  4,  and  5  are  the  sides  of  a  right-angled  triangle;  also  any 
angle  in  a  semicircumference  is  a  right  angle. 

5.  To  find  where  a  perpendicular  from  a  given  point  without  a  line  will  meet 
that  line.  • 

Run  an  inclined  line  from  the  given  point  to  the  given  line.  Erect  a  per- 
pendicular from  the  given  line  near  the  required  point,  extend  it  till  it  interescts 
the  inclined  line,  and  solve  by  similar  triangles. 

6.  To  establish  a.  second  point  that  shall  make  with  a  given  point  a  line 
parallel  to  a  given  line. 

Diagonals  of  a  parallelogram  bisect  each  other. 

7.  To  determine  the  horizontal  distance  from  a  given  point  to  a  visible  but 
inaccessible  object. 

Use  two  similar  right-angled  triangles. 

8.  To  prolong  a  line  beyond  an  obstacle,  in  direction  and  distance. 
First  SdiUion:  By  an  equilateral  triangle. 

Second  Solution:  By  two  rectangular  offsets  on  each  side  of  the  obstacle. 
Third  Solution:  By  similar  traingles,  as  in  Fig.  4. 
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From  any  point  as  A  run  the  line  AB^  fixing  the  half  and  three-quarter  points 
at  X  and  y.  From  any  other  jx^int  as  C,  run  CxD^  malcing  xD==Cx.  From  I^ 
run  DyE  making  DE=^Dyy  fixing  the  mdidle  point  z.     From  B  run  BzH^  making 


zH  =  Bz.  Then  is  HE  parallel  and  equal  to  DB^  AC,  and  Cf[.  Stakes  should 
be  set  at  all  the  points  lettered  in  the  figure.  Check:  Measure  HE  and  AC. 
If  they  are  equal  the  work  is  correct. 

9.  To  measure  a  given  angle. 

Lay  off  equal  distances,  6,  from  the  vertex  on  the  two  lines,  and  measure  the 

third  side  a  of  the  triangle.     Then  sin  ^A  =—  . 

20 

10.  To  lay  out  a  given  angle  on  the  ground. 

Reverse  the  above  operation.  A  is  known;  assume  b  and  compute  a.  Then 
from  A  measure  off  AB'=b.  From  B  and  A  strike  arcs  with  radii  equal  tt>  a 
and  b  respectively,  giving  an  intersection  at  C.  Then  CAB  is  the  required 
angle.  If  b  is  assumed  not  greater  than  0.6  the  length  of  the  chain,  angles  may 
be  laid  out  up  to  90°. 

II.  To  mark  a  point  on  a  house,  Ixjwlder, 
or  other  object,  near  a  line  of  survey,  which 
shall  be  at  right  angles  to  a  given  point  in 
said  line,  by  means  of  a  chain,  tape,  or 
cord. 

Let  AB  he  a.  line  of  survey.  Let  C  be  a 
house  on  which  a  transfer  of  point  B  is  re- 
quired at  right  angles  to  AB.  Then  with 
radius  BA  swing  arc  AO,  and  with  JBC  on 
stick  or  tape  measure  to  arc  line  from  AB 
at  point  O;  with  radius  OB  (or  BA),  from 
O  swing  arc  touching  house  in  C  as  re- 
FlG.  5.  quired. 
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chapter  ii 
instruments  for  dtttermining  directions 

The  Compass 

10.  The  Surveyor's  Compass  consists  essentially  of  a  line 
of  sight  attachetj  to  a  horizontal  graduated  circle,  at  the  centre 
of  which  is  suspended  a  magnetic  needle  free  to  move,  the 
whole  conveniently  supported   with   devices   for   levelling.     Fig. 


Fig.  6. 

6  shows  a  very  good  form  of  such  an  instrument.  In 
arklition  to  the  above  essential  features,  the  instrument  here 
'hown  has  a  tangent-screw  and  vernier-scale  for  setting  off 
the  declination  of  the  needle;  a  tangent-scale  on  the  edge  of 
ihe  vertical  sight  for  reading  \ertical  angles,  the  eye  being 
placat  at  the  sight-disk  shown  on  the  opposite  standard;   and  an 
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auxfliary  graduated  circle,  with  vernier,  shown  on  the  front 
part  of  the  plate,  for  reading  angles  closer  than  could  be  done 
with  the  needle.  The  compass  is  mounted  either  on  a  tripod 
or  on  a  single  support  called  a  Jacob's-staff.  It  is  connected 
to  its  support  by  a  ball-and-socket  joint,  which  furnishes  a  con- 
venient means  of  levelling. 

Although   the  needle-compass  does  not  give  very  accurate 
results,  it  is  one  of  the  most  useful  of  surveying  instruments. 
Its  great  utility  lies  in  the  fact  that  the  needle  always  points 
in  a  known  direction,  the  magnetic  meridian,  and  therefore  the 
direction  of  any  line  of  sight  nJay  be  determined  by  referring  it 
to  the  needle-bearing.    The  needle  points  true  north  in  only  a 
few  localities;   but  its  declinalion  from  the  north  point  is  readily 
determined  for  any  region,  and  then  the  true  azimuth,  or  bearing 
of  a  line,  may  be  found.    It  has  grown  to  be  the  universal  cus- 
tom, in  finding  the  direction  of  a  line  by  the  compass,  to  refer 
it  to  eitfier  the  north  or  the  south  point,  according  to  which  one 
gives  an  acute  angle.    Thus,  if  the  bearing  is  loo®  from  the 
south  point  it  is  but  80°  from  the  north  point,  and  the  direction 
would    be   defined    as   north,   80°   east  or   west,   as   the   case 
might    be:     thus  no  line  can  have    a    numerical    bearing    of 
more  than  90°.     In  accordance  with   this  custom,   all  needle- 
compasses   are  graduated    from  both   north    and   south   points 
each  way  to  the  east  and   west  points,   the  north   and  south 
points  being  marked  zero,  and  the-  east  and  west  points    90°. 
When  the  direction  of  a  line  is  given  by  this  system  it    is  calle<l 
the  bearing  of  the  line.     When  it  is  simply  referred  to  the  posi- 
tion of  the  needle  it  is  called  the  magnetic  bearing.     When  it  is 
corrected  for  the  declination  of  the  needle,  either  by  setting  off 
the   declination    on    the   declination-arc   or    by    correcting    the 
observed  reading,  it  is  called  the  true  bearing,  being  then  referred 
to  the  true  meridian. 

II.  Method  of  Reading  a  Magnetic  Bearing.  Because  the 
graduated  circle  is  attached  to  the  line  of  sight  and  moves  with 
it,  while  the  needle  remains  stationar)',  E  and  W  are  placed 
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on  Ae  compass-circle  in  reversed  position.  Otherwise  the  needle 
would  not  give  the  proper  (juadrant.  See  Fig.  7.  Thus  when 
the  line  of  sight  is  northeast,  the  north  end  of  the  needle  points 
to  the  left  of  the  north  point  on  the  circle,  and  hence  E  must 
be  put  on  this  side  of  the  meridian  line.  In  a  ship's  compass 
the  graduated  circle  moves  with  the  needle  andl  hence  E  and  W 
are  not  reversed. 

In  reading  the  compass,  always  keep  the  north  end  of  the  circle 
pointing  forward  along  the  line,  and  read  the  north  end  of  the 
needle. 


Bearing  ofA-B 


Bearing  of  B-C 
S.SS^'E. 


Bearing  of  D-E 
S.  56"  W, 


Bearing  of  E-F 

N,  iO"  W, 


Fig.  7. — Showing  How  to  Make  Readings  of  Bearings. 


The  north  end  of  the  needle  is  usually  shaped  to  a  special 
design,  or,  if  not,  it  may  be  distinguished  by  knowing  that  the 
south  end  is  weighted  by  having  a  small  adjustable  brass  wire 
slipped  upon  it  to  overcome  the  tendency  the  north  end  has 
to  dip.    See  Art.  20. 

Care  should  be  taken  not  to  leave  the  axe,  chain,  or  marking 
pins  near  the  compass,  because  of  their  effect  in  changing  the 
needle  reading.  Even  a  bunch  of  keys  on  a  person,  or  the  iron 
wire  in  a  stiff  hat,  has  been  known  to  cause  an  error  in  the  needle 
reading. 
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Adjustments  of  the  Compass 

12.  The  General  Principle  of  almost  all  instrumental 
adjustments  is  the  Principle  of  Reversion,  whereby  the  error  is 
doubled  and  at  the  same  time  made  apparent.  A  thorough  mas- 
tery of  this  principle  will  nearly  always  enable  one  to  deter- 
mine the  proper  method  of  adjusting  all  parts  of  any  survey- 
ing instrument.  It  should  be  a  recognized  principle  in  surveying 
that  no  one  is  competent  to  handle  any  instrument  who  is  not 
able  to  determine  when  it  is  in  exact  adjustment,  to  locate  the 
source  of  the  error  if  not  in  adjustment,  to  discuss  the  effect 
of  any  error  of  adjustment  on  the  work  in  hand,  and  to  properly 
adjust  all  the  movable  parts.  The  methods  of  adjustment 
should  not  be  committed  to  memor>' — any  more  than  should 
the  demonstration  of  a  proposition  in  geometry.  The  student 
in  reading  the  methods  of  adjustment  should  see  that  they  are 
correct,  just  as  he  sees  the  correctness  of  a  geometrical  demon- 
stration. Having  thus  had  the  method  and  the  reason  therefor 
clearly  in  the  mind,  he  should  trust  his  ability  to  evolve  it  again 
whenever  called  upon.  He  thus  relies  upon  the  accuracy  of 
his  reasoning,  rather  than  on  the  distinctness  of  his  recollection. 

13.  To  Make  the  Plate  Perpendicular  to  the  Axis  of  the 
Socket.  This  must  be  done  by  the  maker.  It  is  here  men- 
tioned because  the  axis  is  so  likely  to  get  accidentally  bent. 
Instruments  made  of  soft  brass  must  be  handled  very  care- 
fully to  prevent  such  an  accident.  If  this  adjustment  is  found 
to  be  very  much  out,  it  should  be  sent  to  the  maker's.  If 
much  out,  it  will  be  shown  by  the  needle,  and  also  by  the 
plate-bubbles. 

14.  To  Make  the  Plane  of  the  Bubbles  Perpendicular 
to  the  Axis  of  the  Socket.  Level  it  in  one  position,  turn 
t8o°  and  correct  one-half  the  movement  of  each  bubble  by 
the  adjusting-screw  at  the  end  of  the  bubble-case.  Now  level 
up  again,  and  revolve  180°,  and  the  bubbles  should  remain  at 
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the  centre.  If  not,  adjust  for  one-half  the  movement  again, 
and  so  continue  until  the  bubbles  remain  in  the  centre  for  all 
positions  of  the  plate.  This  adjustment  makes  the  plane  of  the 
bubbles  parallel  to  plate. 

For  a  diagram  of  this  adjustment  see  Fig.  41. 

15.  To  Detect  Errors  in  the  Adjustment  of  the  Needle 
Circle.  When  the  two  ends  of  the  needle  do  not  read  180° 
apart  it  may  be  due  to  the  pivot  being  bent  out  of  its  central 
position;  or  to  the  needle  being  bent,  or  to  both  causes. 

If  the  difference  between  the  two  end  readings  is  constant 
for  all  positions  of  the  needle,  then  the  pivot  is  in  the  centre  of 


Ac 


A      '  -     B  G 

Fig.  8. — Compass  Needle  Bent.         Fio.  9. — To  Straighten  the  Needle. 


the  circle,  but  the  needle  is  bent.  For  manner  of  testing  this 
condition  see  Fig.  8.  The  error  in  one  reading  A'B  is  found 
equal  to  the  error  in  second  reading  A'B\ 

16.  To  Straighten  the  Needle,  set  the  north  end  exactly 
at  some  graduation-mark,  and  read  the  south  end  thus,  B  in 
Fig.  9.  Remove  the  glass  cover  and  with  compass  axis  still 
clamped,  turn  the  needle  on  its  pivot  until  the  south  end,  fi, 
now  points  at  Ay  the  same  reading  as  the  north  end  read  before. 
Now  read  the  north  end  B\  then  will  BB'  be  twice  the  error. 
Remove  the  needle  and  bend  it  by  one-half  BB'  in  the  direction 
from  B'  toward  B.  Since  the  amount  of  bending  is  only  esti- 
mated the  of)eration  may  need  to  be  repeated  several  times 
before  an  accurate  adjustment  is  reached. 
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Be  B 

Fig.  io. — Pivot  Point 
out  of  Centre. 


17.  To  Centre  the  Pivot  Point.  If  the  difference  between 
the  two  end  readings  is  variable  for  different  parts  of  the  circle, 
then  the  pivot  is  bent,  and  the  needle  may  or  may  not  be  straight 

To  adjust  the  pivot,  therefore,  find  the 
position  of  the  needle  which  gives  the 
maximum  difference  of  end  readings,  re- 
move the  needle,  and  with  small  flat  pliers 
hend  the  pivot  at  right  angles  to  this 
position  by  one-half  the  difference  in  the 
extreme  variatiofi  of  end  readings.  See 
Fig.  10.  Since  the  glass  cover  is  removed 
from  the  compass-box  in  making  this 
adjustment,  the  adjustment  should  be 
made  indoors,  to  prevent  any  disturbance  from  wind. 

When  the  adjustment  is  completed  the  differences  in  end- 
readings  will  be  zero.  Several  trials  will  usually  be  required 
before  this  condition  is  satisfied. 

18.  To  Remagnetize  the  Needle.  Needles  sometimes  lose 
their  magnetic  properties.  They  must  then  be  remagnetized. 
To  do  this  take  a  simple  bar-magnet  and  rub  each  end  of  the 
needle,  from  centre  towards  the  ends,  with  the  end  of  the 
magnet  which  attracts  in  each  case.  In  returning  the  magnet 
for  the  next  stroke  lift  it  up  a  few  inches  to  remove  it  from  the 
immediate  magnetic  field,  otherwise  it  would  tend  to  nullify 
its  own  action.  The  needle  should  be  removed  from  the 
pivot  in  this  operation,  and  the  work  continued  until  it  shows 
due  activity  when  suspended.  An  apparently  sluggish  needle 
may  be  due  to  a  blunt  pivot.  If  so,  this  should  be  removed, 
and  ground  down  on  an  oil-stone. 

19.  To  Make  the  Plane  of  the  Sights  Normal  to  the 
Plane  of  the  Bubbles.  Carefully  level  the  instrument  and 
bring  the  plane  of  the  sights  upon  a  suspended  plumb-line. 
It  this  seems  to  traverse  the  farther  slit,  then  that  sight  is  in 
adjustment.  Reverse  the  compass,  and  test  the  other  sight 
in  like  manner.     If  either  be  in  error,  its  base  miist  be  reshaped 
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to  make  it  vertical.     Otherwise  tin  foil  may  be  used  to  plumb 
the  sights. 

20.  The  Earth's  Magnetism.  The  earth  is  known  to  be  a 
great  magnetic  field.  In  the  northern  hemisphere  the  lines 
of  magnetic  force  point  downward  and  northward,  while  in  the 
southern  hemisphere  upward  and  northward.  A  magnet,  free 
to  turn,  like  a  magnetic  needle,  will  therefore  have  its  north  end 
dip  downward  in  the  northern  hemisphere  and  upward  in  the 
southern  hemisphere.  To  maintain  a  horizontal  position  a 
coil  of  fine  wire  is  placed  on  the  south  end  of  the  needle. 

The  Declination  of  the  Needle 

21.  The  Declination  ^  of  the  Needle  is  the  horizontal 
angle  it  makes  with  the  true  meridian.  At  no  place  on  the 
earth  is  this  angle  a  constant.  The  change  in  this  angle  is 
called  the  variation  of  the  declination. 

22.  The  Daily  Variation  in  the  Declination  consists  in  a 
swinging  of  the  needle  through  an  arc  of  about  eight  minutes 
daily,  the  north  end  having  its  extreme  easterly  variation  about 
8  A.M.  and  its  extreme  westerly  position  about  1.30  p.m.  It 
has  its  mean  or  Irue  declination  about*  io-30  a.m.  and  8  p.m. 
It  varies  with  the  latitude  and  with  the  season,  but  the  follow- 
ing table  gives  a  fair  average  for  the  United  States.  A  more 
extended  table  may  be  found  in  the  Report  of  the  U.  S.  Coast 
and  Geodetic  Survey  for  1881,  Appendix  8.^ 

23.  The  Secular  Variation  ^  of  the  magnetic  declination  is 
probably  of  a  periodic  character,  requiring  two  or  three  cen- 
turies to  complete 'a  cycle.     The  most  extensive  set  of  obser- 


*  Formerly  called  variation  of  the  needle,  and  still  so  called  by  navigators 
and  by  many  surveyors. 

'  See  also  "  Principal  Facts  of  the  Elarth's  Magnetism,"  U.  S.  C.  and  G.  Survey, 
iQog,  and  Magnetic  Tables  and  Charts  for  1905  by  L.  A.  Bauer,  U.  S.  C.  and  G. 
Survey,  1908,  Washington,  D.  C. 

'  Discovered  in  1634. 
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vations  bearing  on  this  subject  have  been  made  at  Paris,  where 
records  of  the  magnetic  declination  have  been  kept  for  about 
three  and  a  half  centuries.  The  secular  variation  for  Paris  is 
shown  in  Fig:  ii,  and  that  for  Baltimore,  Md.,  in  Fig.  12.^ 

TABLE  OF  CORRECTIONS  TO  REDUCE  OBSERVED  BEARINGS  TO 

THE   DAILY  MEAN      . 


Month. 


January 
April  . . . 
July.... 
October 


Add  to  N.E.  and  S.W. 

bearings. 
Subtract  from  N.W.  and 
S.E.  bearings. 


6 

A.M. 


r 
3 

4 
I 


7 
A.M 


I' 
4 

S 

a 


8 

A.M. 

7' 
4 

5 

2 


9 
A.M. 

2' 

3 
4 

2 


10 
A.M. 

l' 
I 
I 
I 


Add  to  N.W.  and  S.E.  bearings. 
Subtract  from  N.E.  and  S.W.  bearings. 


II 

A.M. 

o' 

I 
I 
I 


12 
M. 


P.M. 


4  5 

3  3 


3 

P.M. 

3' 

s 

5 
3 


3 
P.M. 

2' 

4 

4 

2 


4 
P.M. 

l' 
3 

3 
I 


5 

P.M. 

1' 

2 
2 
O 


6 
P.M. 

o' 
I 
I 
o 


This  table  is  correct  to  the  nearest  minute  for  Philadelphia,  where  the  observations 
were  made. 


Whether  or  not  either  of  these  curves  will  return  in  time  to 
the  same  extreme  limits  here  given  Ls  unknown,  as  is  also  the 
cause  of  these  remarkable  changes.  The  extraordinary  varia- 
tion in  the  declination  at  Paris  of  some  32°,  and  that  at 
Baltimore  of  some  5°,  shows  the  necessity  of  paying  careful 
attention  to  this  matter.  No  reliance  should  be  placed  on 
old  determinations  of  the  declination  unless  the  rate  of  change 
be  known,  and  even  then  this  rate  is  not  likely  to  be  constant 
a  great  many  years.  They  also  show  necessity  of  recording 
the  date  and  the  declination  of  the  needle  oit  all  plats  and  rec- 
ords of  surveys,  with  a  note  stating  whether  the  bearings  given 
were  the  true  or  magnetic  bearings  at  the  time  they  were  taken. 

24.  Isogenic  Lines  are  imaginary  lines  on  the  earth's  sur- 
face joining  points  whose  declinations  are  e([ual  at  any  given 


^  These  taken  from  the  Coast  Survey  Report  of  1882. 
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time.     The  isogenic  line  joining  points  having  no  declination 
is  called   the  agonic  line.    There  is  such   a  line  crossing  the 
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Fig.  12. 


United   States  passing  just  east  of  Charleston,  S.  C,  and  just 
west  of    Detroit,   Mich.     All   points   east  of   this   line  have  a 
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western  declination,  and  all  points  west  of  it  have  an  eastern 
declination.  The  isogonic  lines  for  1905  for  the  whole  of 
the  United  States  are  shown  on  Plate  I.^  It  will  be  noted 
that  where  the  observations  are  most  thickly  distributed,  as  in 
Missouri  for  instance,  there  the  isogonic  lines  are  most  crooked, 
showing  that  if  the  declinations  were  accurately  known  for  all 
points  of  this  map  the  isogonic  lines  would  be  much  more 
irregular,  and  would  be  changed  very  much  in  position  in  many 
places. 

The  isogonic  lines  given  on  this  chart  are  all  moving  west- 
ward, so  that  all  western  declinations  are  increasing  and  all 
eastern  declinations  are  decreasing.  They  are  not  all  moving  at 
the  same  rate,  however,  those  in  New  Brunswick  and  also  those 
near  the  eastern  boundaries  of  California  and  Oregon  being 
about  stationary.  For  many  points  in  the  United  States  and 
Canada  the  rate  of  change  in  the  declination  has  been  observed, 
and  formulae  determined  for  computing  the  declination  for  each 
point,  which  formul.e  will  probably  remain  good  for  the  next 
twenty  years.  Tables  giving  this  information  can  be  obtained 
from  the  Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey, 
Washington,  D.  C. 

25.  Other  Variations  of  the  Declination.  In  addition 
to  the  daily  and  secular  changes  in  the  declination,  there  are 
others  worthy  of  mention. 

The  annual  variation  is  very  small,  being  only  about  a  half- 
minute  of  arc  from  the  mean  position  for  the  year.  It  may 
therefore  be  neglected. 

The  lunar  inequalities  are  still  smaller,  being  only  about  fif- 
teen seconds  of  arc  from  the  mean  position. 

Magnetic  disturbances  are  due  to  what  are  called  magnetic 
storms.  They  may  occur  at  any  time,  and  cannot  be  predicted. 
They  may  last  a  few  hours,  or  even  several  days.  *'The  fol- 
lowing table  of  the  observed  disturbances,  in  a  bi-hourly  series, 

*  Reduced  from  the  U.  S.  Coast  and  Geodetic  Survey  Charts. 
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at  Philadelphia,  in  the  years  1840  to  1845,  ^^  g^^e  an  idea  of 
their  relative  frequency  and  magnitude: 


Deviations  from  Nor- 

Number of 

mal  Direction. 

Disturbances. 

3'. 6  to  10'. 8 

2189 

10'. 8  to  18'.  I 

M7 

18'. I  to  25'. 3 

18 

25'-3  to  32'. 6 

3 

Beyond 

0 

"At  Madison,  Wis.,  where  the  horizontal  magnetic  intensity 
is  considerably  less,  very  much  larger  deflections  have  been 
noticed.  Thus,  on  October  12,  1877,  one  of  48',  and  on  May 
28,  1877,  one  of  1°  24',  were  observed."  ^ 

The  geometric  axis  of  a  needle  may  not  coincide  with  its 
magnetic  axis,  and  hence  the  readings  of  two  instruments  at 
the  same  station  may  differ  slightly  when  both  are  in  adjust- 
ment. In  this  case  the  declination  should  be  found  for  each 
instrument  independently. 

26.  Observation  for  Declination.  This  mvolves  a  deter- 
mination of  the  true  meridian.  Methods  of  doing  the  field  work 
are  given  in  Arts.  98  and  loi.  When  the  line  of  sight  is  on  the 
meridian  the  needle  should  read  the  declination. 


Use  of  the  Needle-Compass 

27.  The  Use  of  the  Needle-Compass  is  confined  almost 
exclusively  to  land-surveying,  where  an  error  of  one  in  three 
hundred  could  be  allowed.  As  the  land  enhances  in  value, 
however,  there  is  an  increasing  demand  for  more  accurate 
means  of  determining  areas  than  the  compass  and  chain  afford. 
The  original  U.  S.  land  surveys  were  all  made  with  the  needle,  or 
with  the  solar  compass  and    Gunter*s  chain.      Hence  all   land 


'  From  Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for  1882. 
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boundaries  in  this  country  have  their  directions  given  in  com- 
prss-bearings,  and  their  lengths  in  chains  of  66  feet  each. 
The  compass  is  used,  therefore — 

1.  To  establish  a  line  of  a  given  bearing. 

2.  To  determine  the  bearing  of  an  established  line. 

3.  To  retrace  old  lines. 

If  the  true  bearing  is  to  be  used,  the  declination  of  the 
needle  from  the  meridian  must  be  determined  and  set  off  by 
the  vernier. 

If  the  magnetic  bearing  is  used,  the  declination  of  the 
needle  at  the  time  the  survey  was  made  should  be  recorded 
on  the  plat. 

If  old  lines  are  to  be  retraced,  the  declinations  at  the  times 
of  both  surveys  must  be  known. 

The  needle  should  be  read  to  the  nearest  five  minutes.  This 
requires  reading  to  sixths  of  the  half-degree  spaces.  The  use 
of  the  verniers  will  improve  the  work. 

Always  lift  the  needle  from  the  pivot  before  moving  the  in- 
strument. 

If  the  needle  is  sluggish  in  its  movements  and  settles  quickly 
it  has  either  lost  its  magnetic  force  or  it  has  a  blunt  pivot.  In 
either  case  it  is  likely  to  settle  considerably  out  of  its  true  posi- 
tion. The  longer  a  needle  is  in  settling  the  more  accurate  will 
be  its  final  position.  It  can  be  quickly  brought  very  near  its 
true  position  by  checking  its  motion  by  means  of  the  lifting 
screw.     In  its  final  settlement,  however,  it  must  be  left  free. 

Careful  attention  to  the  instrumental  adjustments,  to  local 
disturbances,  and  close  reading  of  the  needle  are  all  essential 
to  good  results  with  the  compass. 

28.  To  Set  off  the  Declination  we  have  only  to  remem- 
ber that  the  declination  arc  is  attached  to  the  line  of  sight  and  that 
the  vernier  is  attached  to  the  graduated  circle.  If  the  declina- 
tion is  west,  then  when  the  line  of  sight  is  north  the  north 
end  of  the  needle  ix)ints  to  the  left  of  the  zero  of  the  grad- 
uated circle.     In  order  that  it  may  read  zero,  or  north,  the  cir- 
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cle  must  be  moved  towards  the  left,  or  opposite  to  the  hands, 
of  a  watch.  On  the  other  hand,  if  the  declination  is  east,  the 
circle  to  which  the  vernier  is  attached  should  be  moved  with 
the  hands  of  a  watch.  This  at  once  enables  the  observer  to  set 
the  vernier  so  that  the  needle-readings  will  be  the  true  bearings 
of  the  line  of  sight. 

29.  Local  Attractions  may  disturb  the  needle  by  large  or 
small  amounts,  and  these  often  come  from  unknown  causes. 
The  observer  should  have  them  constantly  in  mind,  and  keep  all 
iron  bodies  at  a  distance  from  the  instrument  when  the  needle 
is  being  read.  The  glass  cover  may  become  electrified  from 
friction,  and  attract  the  needle.  This  can  be  discharged  by 
touching  it  with  a  wet  finger,  or  by  breathing  upon  it.  Reading- 
glasses  should  not  have  gutta-i)ercha  frames,  as  these  become 
highly  electrified  by  wiping  the  lens,  and  will  attract  the  needle.- 
Such  glasses  should  have  brass  or  German-silver  frames.  No 
nickel  coverings  or  ornaments  should  be  near,  as  this  metal  has 
magnetic  properties.  A  steel  band  in  a  hat-brim,  or  buttons 
containing  iron  have  been  known  to  cause  great  disturbance. 
In  cities  and  towns  it  is  practically  impossible  to  get  away  from 
the  influence  of  some  local  attraction,  such  as  iron  or  gas  pipes 
in  the  ground,  iron  lamp-posts,  fences,  building-fronts,  etc. 
For  this  reason  the  needle  should  never  be  used  in  such  places. 

In  many  regions,  also,  there  are  large  magnetic  iron-ore 
deposits  in  the  ground,  which  give  special  values  for  the  declina- 
tion at  each  consecutive  station  occupied.  It  is  practically 
impossible  to  use  magnetic  bearings  in  such  localities. 

The  test  for  local  attraction  in  the  field-work  is  to  read  the 
bearing  of  every  line  from  both  ends  of  it.  If  these  are  not 
the  same,  and  no  error  has  been  made,  there  is  some  local  dis- 
turbance at  one  station  not  found  at  the  other.  If  there  are 
known  to  be  mineral  deposits  in  the  region  it  may  perhaps  be 
laid  to  that.  If  not,  the  preceding  station  should  be  occupied 
again,  and  the  cause  of  the  discrepancy  inquired  into.  Jf  the 
forward  and  reverse  bearings  of  all  lines  agree  except  the  bear- 
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ings  taken  from  a  single  station,  then  it  may  be  assumed  there 
is  local  attraction  at  that  station. 

30.  To  Establish  a  Line  of  a  Given  Bearing  set  the  com- 
pass up  at  a  point  on  the  line,  turn  off  the  declination  on  the 
declination -arc,  and  bring  the  north  end  of  the  needle  to  the 
given  bearing.  The  line  of  sight  now  coincides  with  the  required 
line,  and  other  points  can  be  set. 

31.  To  Find  the  True  Bearing  of  a  Line  set  the  compass 
up  on  the  line,  turn  off  the  declination  by  the  vernier,  bring 
the  line  of  sight  to  coincide  with  the  line  with  the  south  part  of 
the  graduated  circle  towards  the  observer,  and  read  the  north 
end  of  the  needle.    This  gives  the  forward  bearing  of  the  line. 

32.  To  Retrace  an  Old  Line,^  set  the  compass  over  one 
well-determined  point  in  the  line  and  turn  the  line  of  sight  upon 
another  such  point.  Read  the  north  end  of  the  needle.  If 
this  reading  is  not  the  bearing  as  given  for  the  line,  move  the 
vernier  until  the  north  end  of  the  needle  comes  to  the  given 
bearing,  when  the  sights  are  on  line.  The  reading  of  the  declina- 
tion-arc will  now  give  the  declination  to  be  used  in  retracing  all 
the  other  lines  of  the  same  survey.  If  a  second  well-determined 
point  cannot  be  seen  from  the  instrument-station,  a  trial  line 
will  have  to  be  run  on  an  assumed  value  for  the  declination, 
and  then  the  value  of  the  declination  used  on  the  first  survey 
computed.  Thus,  if  the  trial  line,  of  length  /,  comes  out  a  dis- 
tance X  to  the  right  of  the  known  point  on  the  line,  the  vernier 
is  to  be  moved  in  the  direction  of  the  hands  of  a  watch  an  angular 

X 

amount  whose  tangent  is  y.     If  the  trial  line  comes  out  to  the 

¥ 

left  of  the  [K)int,  move  the  vernier  in  a  direction  opposite  to  the 
hands  of  a  watch. 


^  This  is  treated  more  fully  in  Arts.  149  and  202. 


ADJUSTi!E>!T.  USE,  AND   CARE  OF   IXSTRUMSNTS        31 


Prismatic  Compass 

33.  The  Prismatic  Compass  is  a  hand  instrument  provided 
with  a  glass  pnsm  so  adjusted  that  the  needle  can  be  read  while 
taking  the  sight,  A  convenient  form  is  shown  in  Fig.  13,  which 
is  carried  in  the  pocket  as  a  watch.  The  line  of  sight  is  estab- 
lished by  means  of  the  etched  line  on  the  glass  cover  S.    It  is 


used  in  preliminary  and  rcconnoissance  work,  in  clearing  out 
lines,  etc, 

EXERCISES  FOR  COMPASS  ALONE  OR  FOR  COMPASS  AND  CHAIN 

I,  Run  out  a  line  of  nboul  a  mile  in  length,  nn  somewhat  uneven  ground, 
t*»bli»hing  several  stations  upon  it.  using  a  consiani  tompass- bearing.  Then 
fun  baik  by  Iht  reverse  bearings  and  note  huw  nearly  the  points  coincide  with  the 
lomitronts.     The  chain  need  not  be  used. 

1-  Selert  some  half  dozen  points  that  inclose  an  area  of  about  forty  acres 
(anr  quarter  mile  square)  on  uneven  ground.  L«t  one  party  make  a  compass- 
■nd-chiin  survey  ti  il,  obtaining  bearing,  and  length  of  each  side.  Then  lei 
°tber  parties  lake  tbese  beld  notes  and,  all  starling  from  a  common  point,  run 
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out  the  lines  as  given  by  the  field  notes,  setting  other  stakes  at  all  the  remaining 
corners,  each  party  leaving  special  marks  on  their  own  stakes.  Let  each  party 
plot  their  own  survey  and  compare  errors  of  closure. 

3.  Select  five  points,  three  of  which  are  free  from  local  attraction,  while  two 
consecutive  ones  are  known  to  be  subject  to  such  disturlmnce.  Make  the 
survey,  finding  length  and  forward  and  reverse  bearings  of  every  side.  Deter- 
mine what  the  true  bearing  of  each  course  is,  and  plot  to  obtain  the  error  of 
closure. 

4.  A  traverse  was  run  over  a  closed  field  with  the  following  bearings:  N.  40**  E., 
N.  34°  E.,  S.  2°  W.,  N.  52°  W.  Compute  the  interior  angles  of  the  field.  What 
should  their  sum  be  ? 

5.  The  magnetic  declination  at  a  given  place  is  5**  30'  E.  What  will  Ije  the 
magnetic  bearing  of  true  north  ?     The  true  south  ?     The  true  east  ? 

6.  A  line  of  an  old  survey  is  recorded  as  N.  12°  K.  magnetic  bearing.  It 
now  reads  N.  i4°'3o'  Kx  What  has  been  the  change  in  declination  in  direction 
and  amount  ? 

7.  A  line  of  an  old  survey  is  recorded  as  N.  26°  15'  E.  magnetic  bearing.  It 
now  reads  N.  24°  45'  E.  and  the  magnetic  declination  is  now  5°  30'  E.  What  was 
the  declination  at  the  time  of  the  original  survey  ? 

8.  A  line  of  an  old  survey  is  recorded  as  N.  28°  E.  magnetic  bearing,  declina- 
tion 10°  E.  The  present  declination  being  8°  15'  E.,  what  magnetic  l)earing 
should  be  used  to  retrace  the  old  line  ? 

9.  At  a  certain  place  the  declination  was  4°  25'  W.  in  1700,  i''  39'  W.  in  1750, 
0°  30'  E.  in  1800,  I**  p'  W.  in  1850;  4°  o'  W.  in  1900.  If  a  line  had  a  bearing 
of  S.  65  J°  W.  in  1900  what  was  its  bearing  in  1700,  1750,  1800,  1850? 

10.  The  following  bearings  were  observed  by  a  compass:  AB  N.  27°  30'  E.; 
BA  S.  25«  15'  W.;  BC  S.  88°  W.;  CB  N.  87°  45'  E.;  CD  X.  47°  15'  W.;  DC 
S,  47"^  15' E.  Find  the  true  bearing  of  AB.  Where  is  the  l(x:al  attraction? 
Which  way  is  the  needle  deflected  at  each  point,  and  how  much  ? 
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CHAPTER  III 

instruments  for  determining  horizontal  lines 

Plumb-line  and  Bubble 

34.  The  Plumb-Line  and  the  Bubble-Tube  are  at  once  the 
most  simple,  universal,  and  essential  of  all  appliances  used  in 
sur\'e\Tng  and  astronomical  work.  Without  them  neither  the 
zenith  nor  the  horizon  could  be  effectually  determined,  and  the 
determination  of  altitudes  and  of  horizontal  lines  and  planes 
would  be  out  of  the  question.  Even  azimuths,  bearings,  and 
horizontal  angles  require  that  the  circle  by  which  they  are 
obtained  shall  be  brought  into  a  horizontal  position. 

The  direction  of  the  plumb-line  is  by  definition  a  vertical 
line,  pointing  to  the  zenith,  and  a  plane  at  right  angles  to  this 
line  is  for  thai  point  a  horizontal  plane.  As  no  two  plumb- 
lines  can  be  parallel,  so  no  two  planes,  respectively  horizon- 
tal at  two  different  positions  on  the  earth's  surface,  can  be 
parallel. 

Parallel  horizontal  planes  can  only  be  planes  at  different 
elevations,  all  horizontal  for  a  single  position  on  the  earth's 
surface. 

35.  A  Level  Surface  is  a  curved  surface  which  Ls  at  every 
point  perpendicular  to  a  plumb-line  at  that  ix)int.  The  surface 
of  still  water  is  a  level  surface. 

A  Spiril  Level  is  a  round  glass  tube  bent  or  ground  so  that 
its  inside  upper  surface  is  circular  on  a  longitudinal  section. 
This  is  nearly  filled  with  ether,  the  remainmg  space  being 
occupied  with  ether-vapor,  which  forms  the  bubble.  This 
tube  is  usually  graduated   to   assist  in  determining  the  exact 
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position  of  the  bubble  in  the  tube.  If  the  tube  has  been 
ground  to  a  perfect  circular  longitudinal  section,  then  a  longi- 
tudinal line  tangent  to  this  inner  surface  at  the  centre  of  the  air- 
bubble  is  a  level  line,  in  whatever  part  of  the  tube  the  bubble 
may  lie.  If  this  were  not  a  level  line,  the  centre  of  gravity  of 
the  bubble  would  not  occupy  its  highest  possible  position  and 
would  move  until  it  did.  Since  the  ix)sition  of  the  centre  of 
a  bubble  in  a  tube  is  determined  by  reading  the  position  of  its 
ends  and  taking  the  mean,  it  is  necessary  that  the  arc  shall  be 
of  uniform  curvature — that  is,  circular. 

A  line  tangent  to  the  inner  surface  of  the  bubble-tube  at 
its  centre,  as  defined  by  the  graduations  (or  another  line  parallel 
to  it)  is  called  the  axis  of  the  bubble.  When  the  bubble  is  in 
the  centre  of  the  tube,  therefore,  its  axis  Ls  horizontal. 

36.  Proposition  I.  If  a  bubble-tube  be  rigidly  attached  to  a 
frame,  and  if  this  frame  be  reversed  on  two  supports  lying 
in  the  vertical  plane  through  the  bubble-axis,  the  supporting 
points  are  level  when  the  bubble  occupies  the  same  portion  of 
the  tube  in  both  positions  of  frame,  whether  this  be  the  centre 
or  not;  providing,  of  course,  that  the  points  of  support  on  the 
frame  were  identical  in  the  two  cases. 

For,  the  tangent  horizontal  lines  being  identical  in  the  two 
positions  of  the  bubble,  the  vertical  distances  from  this  line  to 
the  points  of  support  must  be  equal,  otherwise  the  direct  and 
reversed  positions  would  not  give  identical  tangent  lines.  The 
points  of  support  are  therefore  in  a  horizontal  line. 

37.  Proposition  II.  If  a  bubble-tube  be  revolved  about  an 
axis  in  such  a  way  that  the  bubble  keeps  a  constant  position  in 
the  tube,  the  axis  of  revolution  is  vertical. 

For,  since  the  bubble-tube  maintains  a  constant  inclination 
to  the  horizon  (this  inclination  being  zero  when  the  bubble  is 
in  the  centre),  the  plane  of  motion  can  have  no  vertical  com- 
ponent, and,  therefore,  the  axis  of  revolution  must  be  vertical. 

Cor.  I.  Similarly  we  may  say  that  if  a  bubble-tube  be 
revolved  180°  about  an  axis,  and  if  the  bubble  have  the  same 
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reading  in  the  two  positions,  then  the  plane  of  revolution  has 
no  vertical  component  in  the  direction  of  the  bubble-axis,  and 
therefore  the  axis  of  revolution  lies  in  a  vertical  plane  at  right 
angles  to  the  bubble-axis.  If  the  same  test  be  made  for  any 
other  two  horizontal  positions  i8o°  apart  (preferably  90°  from 
first  position)  and  the  bubble  have  the  same  reading  in  the 
t\^o  cases,  then  the  axis  of  revolution  lies  in  a  vertical  plane  at 
right  angles  to  these  new  positions  of  bubble-axis,  and  there- 
fore it  lies  at  the  intersection  of  these  two  vertical  planes,  or  it 
is  vertical.  If  two  bubble-tubes  (not  parallel  to  each  other 
and  preferably  at  right  angles)  be  rigidly  attached  to  a  frame 
that  revolves  about  an  axis,  and  if  each  bubble  has  the  same 
reading  in  two  positions  of  frame  180°  apart,  the  axis  of  revo- 
lution is  vertical,  even  though  the  two  bubbles  do  not  read 
alike  nor  either  is  at  the  middle  of  its  tube. 

Cor,  2.  In  all  cases  where  a  bubble- tube  has  been  shifted 
180°  in  the  same  supports,  or  axis,  the  angular  difference 
between  the  two  positions  of  the  bubble  is  twice  the  angular 
demtion  of  the  supports  from  a  horizontal,  or  of  the  axis  from 
a  vertical. 

38.  The  Accurate  Measurement  of  Small  Vertical 
Angles  is,  accomplished  by  means  of  the  bubble  with  greater 
readiness  and  precision  than  by  any  other  device  known.  For 
this  purpose  the  bubble-tube  should  be  ground  accurately  to 
the  arc  of  a  circle  with  a  long  radius,  and  uniformly  graduated. 
Then  a  given  bubble-movement  in  any  part  of  the  tube  corre- 
sponds to  a  known  angular  change,  when  the  angular  value 
of  a  movement  of  one  division  in  the  graduated  scale  has  been 
determined.  These  graduations  are  usually  made  on  the  top 
of  the  glass  tube.  To  measure  a  small  angle  by  means  of  the 
bubble,  read  the  two  ends  of  the  bubble  to  divisions  and  tenths, 
and  take  the  one-half  difference  of  end  readings.^     Shift  the 

*  Bubbles  are  read  from  the  middle  outwards  towards  the  ends.  Then  the 
Jalf-diffcrence  of  end  readings  is  the  distance  of  the  centre  of  the  bubble  from 
the  centre  of  the  scale. 


/ 
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bubble  a  given  amount  and  read  both  ends  again,  taking  one- 
half  the  difference.  The  difference  of  these  two  results  in  divi- 
sions of  the  scale,  multiplied  by  the  angular  value  of  one  division 
on  the  scale,  is  the  vertical  angle  through  which  the  tube  was 
shifted. 

39.  The  Angular  Value  of  One  Division  of  the  Bubble 
may  be  found  in  various  ways. 

(a)  By  a  Telescopic  Line  of  Sight,  Attach  the  bubble-tube 
rigidly  to  a  mounted  telescope,  putting  the  bubble  axis  in  the 
yjlane  of  the  telescope.  Measure  off  a  convenient  base-line  on 
level  ground  of  from  200  to  500  feet.  Set  the  telescope  at  one 
end  of  this  base,  and  hold  a  rod  vertically  at  the  other.  Bring 
the  bubble  near  one  end  of  its  tube  by  moving  the  telescope 
vertically,  and  read  the  two  ends.  Read  the  height  of  the  cross 
wnres  on  the  rod.  Bring  the  bubble  near  the  other  end  of  tube 
and  read  both  the  bubble  and  rod.  Repeat  many  times.  Reduce 
the  w^ork  by  taking  the  half  difference  of  the  two  end  readings 
in  each  case,  thus  giving  the  distance  of  the  centre  of  the  bubble 
from  the  centre  of  tube  for  each  position.  Take  the  mean  of 
these  results  for  each  set  of  end  readings  separately.  If  these 
mean  results  were  for  opposite  ends  of  the  tube,  add  them 
together  and  this  gives  the  average  movement  of  bubble.  Simi- 
larly take  the  mean  of  the  upper  readings  and  the  mean  of  the 
lower  readings  on  the  rod,  and  take  the  difference,  and  this  is 
the  average  movement  of  the  line  of  sight.  Calling  the  bubble 
movement  in  divisions  of  scale  />,  the  movement  on  the  rod,  in 
feet,  R,  and  the  length  of  the  base,  in  feet,  5,  we  would  have,  in 
seconds  of  arc, 

R 
angular  value  of  i  div.  of  bubble^  -  ^^   .    ~,J 

BD  sm  I " 

(b)  By  a  Large  Vertical  Circle.  Mount  the  bubble  rigidly 
uj)on  the  circle,  having  its  axLs  parallel  to  the  plane  of  the  circle. 


•  Iw<)g  sin  1"  ^.4.6855 749. 
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Move  the  bubble  from  end  to  end  of  tube,  as  before,  reading 
the  corresponding  angular  changes  directly  upon  the  circle. 
Divide  the  mean  angular  movement  by  the  mean  movement  of 
bubble. 

This  requires  a  large  circle  with  micrometer  attachments, 
such  as  is  used  on  astronomical  instruments. 

if)  By  a  Level  Trur,  This  consists  of  a  beam  hinged  at  one 
end  and  moved  vertically  by  means  of  a  micrometer  screw  at 
the  other.  The  bubble- tube  is  placed  upon  the  beam,  and  the 
bubble  moved  back  and  forth  by  means  of  the  screw,  each 
revolution  of  which  gives  a  known  angular  movement  to  the 
beam. 

40.  Creneral  Considerations.  A  bubble  is  sensitive  directly 
as  the  length  of  the  radius  of  curvature,  or  indirectly  as  its  rate 
of  cur\^ature.  It  is  also  sensitive  in  proportion  to  its  length,  a 
long  bubble  *  settling  much  more  quickly  and  accurately  than 
a  short  one.  Some  bubble-tubes  have  a  chamber  at  one  end 
connected  with  the  main  space  by  a  small  hole  through  the 
bottom  of  the  dividing  partition.  This  enables  the  length  of 
the  bubble  to  be  under  control.  As  ether  expands  and  contracts 
very  largely  with  temperature,  the  bubble  is  apt  to  be  too  long 
winter  and  too  short  in  summer  if  the  chamber  is  not  used.  The 
bubble-tube  should  not  be  rigidly  confined  by  metallic  fastenings 
about  its  centre,  if  the  value  of  one  division  is  significant,  as  the 
changes  of  temperature  will  change  its  curvature.  Bubble- 
tubes,  or  level- vials,  as  they  are  often  called,  may  be  sealed  by 
glass  stoppers  set  in  a  glue  made  by  dissolving  isinglass  in  hot 
water,  and  covering  with  gold-beater's  skin  set  with  the  same 
glue,  the  whole  varnished  over  when  dry. 

*  This  refers  to  the  length  of  the  air-bubbb  itself,  and  not  to  the  glass  lul)e. 
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The  Ehgireer's  Level 


41.  The   Engineer's   Wye    Level  consists  of  a  telescopic 
horizontal  line  of  sight  joined  to  a  spirit-level,  the  whole  properly 


supported  and  revolving  on  a  vertical  axis.  Such  an  instrument 
is  shown  in  Fig.  14.  The  vertical  parts  of  the  frame  which 
support  the  telescope  are  called  wyes,  and  the  cylindrical  bear- 
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ings  on  the  telescope-tube  are  called  the  pivot-rings.  The 
telescope  can  be  lifted  out  of  the  wyes  by  loosening  the  clips 
over  the  rings,  these  being  held  by  the  small  pins  attached  to 
strings  and  shown  in  the  cut.  A  clamp  and  tangent-screw  are 
connected  with  the  axis  for  holding  it  to  a  given  pointing  or  for 
moving  it  horizontally  while  clamped.  The  attached  bubble 
enables  the  line  of  sight  in  the  telescope  to  be  brought  into  a 
horizontal  position. 

The  construction  of  the  instrument  is  best  shown  by  the 
sectional  view  given  in  Fig.  15. 

The  objective  is  a  compound  lens,  the  two  parts  having 
different  refractive  powers  in  order  that  the  image  may  be  flat, 
A  simple  lens  gives  a  spherical  image.  The  image  is  formed 
at  the  plane  of  the  cross-wires,  which  are  attached  to  the  reti- 
cule held  in  place  by  the  capstan-screws  shown  in  the  cut.  The 
line  of  sight  is  the  line  joining  the  two  corresponding  points 
in  object  and  image  with  which  the  intersection  of  the  cross- 
wires  coincides.  Evidendy  this  line  of  sight  may  lie  any- 
where in  the  field  of  view  within  the  limits  of  movement  of 
the  reticule.  The  line  of  collimation  is  simply  the  true  posi- 
tion of  the  line  of  sight.  The  eye-piece  serves  only  to  mag- 
nify the  image,  and  sometimes  to  invert  it,  as  is  the  case  in 
the  sectional  view  of  Fig.  15.  The  image  itself  is  always 
inverted ;  and  if  this  be  examined  by  an  eye-piece  of  two  lenses, 
which  simply  magnifies  but  does  not  invert,  the  object  is  seen 
in  an  inverted  f)osition.  If  four  lenses  are  used  in  the  eye-piece, 
it  re-inverts  the  image  so  that  the  object  is  seen  erect.  This 
results  in  a  loss  of  light  and  of  distinctness. 

Adjustments  of  the  Wye  Level 

42.  First.   The  Collimation  or  Cross- Wire  Adjustment. 

This  consists  of  two  parts: 

(a)  To  make  the  vertical  wire  truly  vertical  when  the  in- 
strument is  levelled.    This  adjustment  can  be  tested  on  a  plumb- 
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line  or  on  the  edge  of  a  building  and  noting  whether  the  vertical 
wire  is  coincident  with  the  plumb-line. 

If  not  it  can  be  made  to  coincide  by  loosening  the  reticule 
screws  and  turning  the  reticule.  As  the  horizontal  and  vertical 
cross-wires  are  placed  at  right  angles  by  the  maker,  when  the 
vertical  wire  is  vertical  the  horizontal  wire  must  needs  be  truly 
horizontal. 

(6)  The  line  of  sight  should  be  made  to  coincide  with  the  axis 
of  the  telescope  rings  or  pivots.     See  Fig.  i6. 


V 


Fig.  i6. — Adjustment  of  Cross-wires,     ist  Part. 


This  relation  can  be  established  as  follows:  Loosen  the 
clips  which  hold  the  telescope  in  the  rings  so  that  the  telescope 
is  free  to  move.  Sight  the  intersection  of  the  cross-wires  on  some 
well-defined  point,  using  the  level  screws  for  the  vertical  motion 
and  the  clamp  and  tangent  screw  for  the  horizontal  motion. 
Rotate  the  telescope  i8o°  in  the  wyes  so  that  the  level  vial  is  now 
directly  above  the  telescope. 

If  in  adjustment,  the  intersection  of  the  cross-wire  should 
still  be  upon  the  point.  If  not  move  the  horizontal  wire  half 
way  back  to  its  first  position  by  means  of  the  lower  and  upper 
adjusting  screws  to  the  reticule.  By  the  use  of  the  other  pair  of 
screws  the  vertical  cross-wire  should  be  brought  half  way  back 
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to  its  first  position.  The  adjustment  should  be  repeated  until 
it  is  perfect  and  care  taken  to  move  the  adjusting  screws  to  a 
firm  seat. 

43.  Second.  The  Lateral  Adjustment  of  the  Level- Vial. 
To  put  the  axis  of  the  level-vial  in  the  same  vertical  plane  with  the 
line  of  sight,  bring  the  bubble  to  the  centre  of  its  tube  and  rotate 
the  telescope  in  the  wyes  a  few  degrees.  If  in  adjustment,  the 
bubble  will  continue  in  the  centre.  Otherwise  the  bubble  will 
run  to  the  higher  end.  Move  the  screws  controlling  the  lateral 
movement  of  the  level-vial  until  the  bubble  remains  in  the  centre. 
With  modem  instruments  this  adjustment  is  not  important,  and 
seldom  needs  attention. 

44.  Third.  To  Make  the  Axis  of  the  Level-Vial  Parallel 
to  the  Line  of  Sight.     For  this  purpose  either  of  two  methods  is 


Fig.  17. 


available,  the  indirect  method  or  the  direci  or  so-called  peg 
method.  Either  method  can  be  used  with  the  wye  level,  but 
only  the  peg  method  is  applicable  to  the  dumpy  level. 

With  the  instrument  clamped  over  one  set  of  levelling  screws, 
bring  the  bubble  to  the  centre  of  its  tube.  Then  lift  the  tele- 
scope out  of  the  wyes  and  turning  it  end  for  end  carefully  replace 
it  so  that  the  eye  jind  will  come  where  the  object  end  was  before. 
See  Fig.  17.  If  this  operation  be  done  with  great  care  the  bubble 
will  remain  in  the  centre  if  the  instrument  is  in  adjustment. 
Otherwise  the  run  of  the  bubble  is  twice  the  actual  error  of 
adjustment.     Bring  the  bubble  half  way  back  by  the  screws  con- 
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trolling  the  vertical  adjustment  at  one  end  of  the  bubble-tube. 
This  test  should  be  repeated  to  prove  that  the  operation  was 
skilfully  performed. 

45.  The  Direct  or  Peg  Adjustment.  To  make  the  axis 
of  the  bubble  parallel  to  the  line  of  sight.  Fig.  18.  This 
adjustment  is  commonly  made  in  several  different  ways.  The 
following  is  perhaps  the  simplest. 

The  instrument  is  set  up  midway  between  two  hubs  N  and  S, 
With  the  bubble  in  the  centre  the  rod  is  held  and  read  on  these 
points.  Even  if  out  of  adjustment  the  difference  between  the 
rod  readings  gives  the  true  difference  of  level  between  N  and  S, 


Fig.  1 8. — Peg  Adjuslmeni. 

The  instrument  is  next  set  up  close  to  the  higher  hub  so  that 
looking  through  the  telescope  with  the  eye  at  the  object  end  a 
pencil  point  or  target  can  be  set  in  the  exact  centre  of  the  small 
field  of  view  and  the  reading  taken.  The  rod  is  next  held  on  the 
distant  hub  and  read  in  the  usual  way.  If  the  true  difference 
of  level  betw^een  the  hubs  be  added  ^  to  the  near  hub  reading, 
it  will  give  what  the  distant  rod  reading  should  be  when  the 
instrument  is  in  adjustment.  The  difference  between  this  amount 
and  the  actual  distant  rod  reading  represents  the  error  in  adjust- 
ment.   To  correct  the  error,  keeping  the  line  of  sight  at  the 


'For  another  method  of  making  the  peg  adjustment  preferred  by  many  see 
Art.4S8. 
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correct  reading  on  the  distant  hub,  move  the  adjusting  screws 
on  the  bubble  tube  until  the  bubble  returns  to  the  centre.  Both 
line  of  sight  and  axis  of  bubble  are  now  horizontal  and  hence 
parallel.     See  Fig.  19.     Example: 


Instrument  midway  between  N  and  S: 
Rod  reading  on  5        =5.64 
Rod  reading  on  AT      =  4 .  29 


True  diff.  of  level  =   1.35  between  N  and  5. 

Instrument  at  iV: 

Rod  reading  on  iV  =  4.34 

Difference  of  level  -=   1.35 


5-69 

Curvature    and    Refrac- 
tion Correction  .01 
Correct  reading  on  5  =^  5 .  70 
Actual  reading  on  5    =  5.90 


Error  =  0.20 

46.  Fourth.  The  Wye  Adjustment.  To  make  the  axis  of  the 
wyes  perpendicular  to  the  vertical  axis  of  the  instrument  (Fig.  20). 
Secure  the  telescope  by  fastening  the  two  clips  over  it.  Level 
the  instrument  and  bring  the  bubble  exacdy  to  the  centre  of  its 
tube  over  one  set  of  levelling-screws,  and  then  turn  the  instru- 
ment 180°  about  its  vertical  axis.  If  the  bubble  moves  from  the 
centre  it  should  be  brought  half  way  back  by  means  of  the 
adjusting  nuts  at  the  foot  of  one  wye  support,  and  the  other  half 
corrected  by  the  levelling-screws. 

47.  Relative  Importance  of  the  Adjustments.  It  should 
be  noted  that  the  wye  adjustment  ia  no  way  affects  the  accuracy 
of  levelling,  but  by  insuring  that  the  bubble  will  always  remain 
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very  near  the  centre,  saves  some  time  in  relevelling.  The  most 
important  adjustment  is  that  one  which  insures  the  parallelism 
of  the  line  of  sight  with  the  axis  of  the  level-vial.     With  this 


< 


I A^AtoL^li^M. J 


\Error 
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Fig.  19. — Adjustment  of  the  Wyes.  * 

relation  established  the  line  of  sight  must  needs  be  horizontal 
when  ever  the  bubble  is  in  the  centre. 

It  is  inevitable  that  a  small  residual  error  will  always  be 
left  in  the  adjustments.  This  can  be  overcome  by  a  proper 
balancing  in  the  lengths  of  sight. 


The  Dumpy  Level 

48.  General  Statement.  The  dumpy  form  of  level  is  illus- 
trated by  Fig.  20,  has  always  been  most  popular  among  European 
engineers.  Because  of  its  simpler  construction  and  its  cheapness 
this  type  of  level  is  deserving  of  much  greater  popularity  in  this 
country.    The  following  adjustments  should  be  made: 


Adjustments  of  the  Dumpy  Level 

49.  First.  The  Cross- Wire  Adjustment.     This  is  made  as 
described  in  the  first  part  (a)  of  Art.  39. 

50.  Second.  The  Level-Vial  Adjustment.    This  consists  in 
making  the  axis  of  the  level-vial  perpendicular  to  the  vertical  axis  of 
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the  instrument.  Because  of  the  manner  in  which  the  dumpy 
level  is  constructed,  this  adjustment  must  be  made  before  mak- 
ing the  line  of  sight  parallel  to  the  bubble  axis.  It  is  tested  by 
the  same  programme  as  that  used  in  the  wye  adjustment  of  the 
wye  level,  viz.,  after  levelling  the  instrument  over  both  sets  of 
levelling-screws,  the  level  is  turned  about  its  vertical  axis  i8o° 
(see  Fig.  21).  If  the  bubble  remains  m  the  centre  the  adjust- 
ment is  perfect.  If  the  bubble  does  not  remain  in  the  centre, 
bring  it  half  way  back  by  means  of  the  adjusting  screws  at  one 
end  of  the  bubble-tube.     Bring  the  bubble  back  the  remaining 


Axk  of  babtde  tabe 
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First  position 


•      4--~?^Sf^ij^iuc^^ 


Fig.  21, 


half  by    the    levelling-screws  and    repeat   the    operation    as    a 
check. 

51.  The    Line    of    Sight    Adjustment.    This   consists   in 

making  the  line  of  sight  parallel  to  the  axis  of  the  bubble.     It 

is  tested  by  the  so-called  peg  adjustment  (see  Art.  45),  but  the 

actual  adjustment  is  made  quite  differently  from  the  wye  level. 

Thus  after  determining  the  true  horizontal  reading  (5.70)  to  the 

distant  point,  the  line  of  sight  is  adjusted  to  it  by  the  use  of  the 

relicuk  screws,  taking  care  that  the  bubble  is  at  the  same  time 

in  the  middle  of  its  tube.    This  should  insure  that  both  the  line 

of  si^t  and  the  axis  of  the  bubble  are  now  horizontal,  and  hence 
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parallel.     This  is  the  most  important  adjustment  of  the  level, 
and  corresponding  care  should  be  taken  to  insure  its  accuracy. 

52.  Focussing  and  Parallax.  The  function  of  the  object 
glass  is  to  gather  and  bring  to  a  focus  at  the  cross  wires  the  many 
divergent  rays  of  light  from  the  object  viewed.  The  eye-piece, 
however,  serves  primarily  to  magnify  this  image.  In  instruments 
constructed  so  that  the  object  is  seen  in  an  erect  position,  the  com- 
pound eye-piece  also  reinverts  this  image.  The  large  magnifying 
powers  used  in  ordinary  field  instruments  (viz.,  20  to  35  diam- 
eters) result  in  the  focal  length  of  the  eye-piece  being  very  small, 
about  one-sixteenth  of  an  inch.  Both  the  image  formed  by  the 
objective  and  the  cross-wires  should  lie  in  the  focus  of  the  eye- 
piece in  order  that  both  may  be  seen  at  once.  Now  the  image 
may  be  moved  back  and  forth  by  moving  the  objective  in  or 
out,  but  the  plane  of  the  cross-wires  is  fixed.  If  the  two  are 
brought  into  the  same  plane,  therefore,  the  image  must  be  brought 
upon  the  wires.  To  accomplish  this,  first  focus  the  eye-piece 
on  the  wires,  so  that  they  appear  black  and  distinct.  In  doing 
this  there  should  be  no  image  visible,  so  that  either  the  objective 
is  thrown  out  of  focus  or  the  telescope  is  turned  to  the  sky.  The 
eye-piece  is  most  accurately  focussed  by  finding  its  inner  and 
outer  limits  for  distinct  vision  of  the  wires,  and  then  setting  it 
at  the  mean  position.  The  objective  may  now  be  moved  until 
the  image  also  comes  into  focus.  This  will  have  to  be  done 
for  each  pointing  if  the  distances  are  different.  If  the  image  is 
not  brought  into  exact  coincidence  with  the  cross-hairs,  these 
will  seem  -to  move  slightly  on  the  image  as  the  eye  is  moved 
behind  the  eye-piece.  This  angular  displacement  of  the  wires 
on  the  image  is  called  parallaXy  and  can  only  occur  when  they 
are  not  in  the  same  plane.  It  is  removed  by  focussing  the  objective, 
thus  moving  the  image,  until  there  is  no  perceptible  relative 
movement  of  wires  and  image  as  the  eye  is  shifted,  when  they 
are  practically  in  coincidence.  If  there  is  a  parallax,  the  reading 
may  be  in  error  by  its  maximum  angular  amount.  If  the  eye 
were  always  held  at  the  centre  of  the  eye-piece  there  would  be 


ADJUSTMENT,  USE,  AND  CARE  OF  INSTRUMENTS         49 


no  parallax,  and  it  is  to  accomplish  this  that  the  eye-piece  is 
covered  by  a  shield  with  a  small  hole  in  its  centre.  Still,  the 
slight  movement  of  the  eye  thus  allowed  is  sufficient  to  cause 
some  parallactic  error  if  the  wires  and  image  are  not  practically 
coincident.  When  the  eye-piece  is  once  adjusted  to  distinct 
vision  on  the  cross-wires  it  requires  no  further  attention  so  long 
as  the  instrument  is  used  by  the  same  person.  Another  person, 
having  eyes  of  a  different  focal  range,  would  have  to  readjust 
the  eye-piece.  The  eye-piece  adjustment,  therefore,  is  personal, 
and  is  made  once  for  all  for  a  given  individual;  while  the  objec- 
tive adjustment  depends  on  the  distance  of  the  object  from  the 
instrument,  is  made  for  each  pointing,  and  is  considered  perfect 
when  the  parallax  is  removed. 

The  Levelling-Rod 

53.  The  Levelling-Rod  is  used  to  measure  the  vertical  dis- 
tance from  the  line  of  sight  down  to  tlie  turning-point  of  bench- 
mark. There  are  two  general  classes.  Self -reading,  or  Speaking, 
and  Target  Rods. 

A  Self-readings  or  Speaking,  Rod  is  one  so  graduated  as  to 
enable  the  observer  to  note  at  once  the  reading  of  the  point 
which  lies  in  the  line  of  sight,  this  reading  being  in  all  cases 
the  distance  to  the  bottom  of  the  rod.  The  rod-man  here  has 
nothing  to  do  but  to  hold  the  rod  vertical.  The  observer 
notes  and  records  the  reading. 

A  Target-rod  is  furnished  with  a  sliding  target  moved  by  the 
rod-man  is  response  to  signals  from  the  observer  until  it 
accurately  coincides '  with  the  line  of  sight.  Its  position  is 
then  read  with  great  accuracy  by  means  of  a  vernier 
scale. 

The  most  commonly  used  self-reading  rod,  called  the  Phila- 
delphia, is  shown  in  Fig.  23.  Neither  the  New  York  nor 
Boston  rods  (Figs.  24  and  25)  are  self-reading.  The  latter 
one  is  rarely  used. 
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It  is  necessary  that  the  rod  be  held  vertical  when  in  use,  and 
on  sloping  ground,  or  when  the  wind  is  blowing,  it  is  difficult 
to  do  this.  To  insure  a  vertical  rod,  therefore,  especially 
in  the  plane  of  the  line  of  sight,  two  level- 
bubbles  are  sometimes  attached,  such  as  are 
shown  in  the  accompanying  cuts.  When  not 
in  use  they  can  be  removed  and  folded  up  as 
shown. 

Another  method  of  attaining  the  same 
end  is  by  means  of  Thompson's  Levelling 
Target,  shown  in  Fig.  26.  This  target  is 
bent  at  right  angles,  and  so  lies  against  two 
faces  of  the  rod.  If  held  so  that  both  faces 
show,  the  middle  dividing  line  wUI  appear 
as  a  broken  line  when  the  rod  is  not  ver- 
tical. 

Most  targets  slide  on  the  rod,  and  have  a 
clamp  screw  and  springs.      When  the  rod   is 
wet,  the  target  is  apt  to  stick  and  mo\e  with 
a  jerking  motion.     The  target  shown  in  Fig, 
fiG.  13.  2j  is  mounted  on  rollers  in   order  to  obviate 

this  difficulty. 
Various  patterns  of  self-reading  rods  are  used.  For  rough 
work  a  12-  or  14-foot  rod,  2  inches  wide  and  1}  inches  thick, 
painted  and  fitted  with  an  iron  or  brass  shoe  at  bottom,  grad- 
uated to  hundredths  of  a  foot,  will  be  found  vcr\'  efficient.  The 
graduations  should  be  so  distinct  that  they  can  be  read  through 
the  telescope  at  a  distance  of  500  or  600  feel.  The  stadia  rods 
.shown  in  Fig.  no  are  well  adapted  for  rapid  levelling. 

Note.- — In  view  of  ihe  now  well  established  (aol  ihat  nol  only  rheapcr,  but  mnre 
arrurate  levels  can  lie  run  with  the  <ipeaking-r<i(l,  this  niethml  ilesen'cs  lo  have 
a  much  wider  use.  Kven  on  the  most  preiise  levels  lines  of  ihe  V.  S,  Coast  and 
Geodetic  Survey,  speakin(;-rods  are  exclusively  read.  The  greater  accuracy 
appears  lo  come  partly  from  a  more  perfect  compensation  in  tbe  errors  made  in 
reading  the  rod. 
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The  Use  of  the  Level 

54.  The  Level  is  Used — 

(a)  To  find  the  difference  in  elevation  of  p)oints  a  considerable 
distance  apart. 

(6)  To  obtain  the  profile  of  a  line. 

{c)  To  establish  a  grade. 

These  objects  may  be  more  or  less  intermingled  in  any 
given  piece  of  work.  Whatever  may  be  the  ultimate  object  of 
the  work,  however,  the  immediate  object  for  any  given  setting 
of  the  instrument  is  to  find  how  much  higher  or  lower  a  certain 
forward,  or  unknown,  point  is  than  a  certain  other  back,  cr 
known,  point.  Thus,  the  rod  being  held  on  the  known  point, 
the  line  of  sight  Ls  turned  upon  it  and  the  rod-reading  gives  at 
once  the  height  of  instrument  above  that  point.  If  the  rod  be 
now  .held  on  the  forward,  or  unknown,  point,  and  the  line  of 
sight  turned  upon  it,  this  rod-reading  gives  the  distance  of  that 
point  below  the  line  of  sight.  The  reading  on  the  known 
{)oint  is  called  the  back  sight,  and  that  on  the  imknown  point 
is  called  the  fore  sight.  If  the  elevation  6l  the  known  point 
be  given,  we  find  the  elevation  of  the  line  of  sight  by  adding 
the  rod-reading  at  that  point.  By  subtracting  from  this  eleva- 
tion the  reading  on  the  unknown  point,  the  elevation  of  that 
point  is  obtained.  Thus  we  have  found  the  relative  elevations 
of  the  two  points  by  referring  them  both  to  the  horizontal 
plane  through  the  instrument.  Since  the  back-sight  reading 
gives  the  elevation  of  the  instrument,  and  since  this  is  ahyays 
greater  than  the  elevation  of  that  jx)int,  it  follows  that  the 
back-sight  reading  is  essentially  positive.  For  a  similar  reason 
the  fore-sight  reading  is  essentially  negative,  since  any  point 
on  w^hich  the  rod  is  held  is  lower  than  the  line  of  sight. 
It  will  also  be  seen  that  there  can  be  but  one  back  sight  (unless 
the  height   cf   the   instrument   is   to   be   found    from  readings 
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on  several  known  points,  and  the  mean  taken),  while  there  can 
be  any  number  of  fore  sights  from  one  instrument  position. 
Thus,  the  height  of  the  instrument  having  been  determined, 
the  elevations  of  any  number  of  points,  in  any  direction,  may 
be  determined  by  referring  them  all  to  the  horizontal  plane 
through  the  instrument,  whose  elevation  has  been  obtained  by 
the  single  back-sight  reading.  It  is  also  important  to  remem- 
ber that  the  terms  "back  sight"  and  "fore  sight"  have  no 
reference  to  directions  or  points  of  the  compass,  but  they  do 
have  a  rational  significance  when  we  think  of  the  work  pro- 
ceeding from  the  known  point  to  the  unknown  point  or  points. 
Thus,  we  refer  back  to  the  known  ftoint  for  height  of  instru- 
ment, and  then  transfer  this  knowledge  forward  to  the  points 
whose  elevations  we  wish  to  find. 


DiFFERBNTIAL  LEVELLING 

55.  Differential  Levelling  consists  in  finding  the  differ- 
ence of  elevation  of  points  a  considerable  distance  apart.  The 
elevation  of  the  first  point  being  known  or  assumed,  the  differ- 
ence of  elevation  between  this  and  any  other  point  is  found 
and  added  algebraically,  thus  giving  the  elevation  of  the  second 
point  The  "plane  of  reference"  is  the  surface  of  zero-eleva- 
tion and  is  generally  called  the  "datum  plane."  This  is  not 
really  a  plane^  but  a  levd  siurface,  according  to  the  definition 
given  in  Art  35.  It  is,  however,  universally  denominated  the 
"plane  of  reference,"  "datum  plane,"  or  simply  "datum." 
The  problem,  then,  is  to  find  the  difference  of  elevation  between 
two  dbtant  points.  If  the  points  were  near  together  and  had 
not  too  great  a  difference  of  elevation,  a  single  setting  of  the 
instnunent  would  be  sufficient.  If  they  are  too  far  apart  for 
this,  either  in  distance  or  in  elevation,  then  more  than  one  setting 
of  the  instrument  must  be  made.  In  this  case  the  intervening 
points  occupied  by  the  rod  are  called  turning- points ^  the  terminal 
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points  being  called  bench-marks.    The  successive  differences  of 
elevation  of  these  turning-points  is  determined  by  setting   the 
level  equally  distant  from  them,  and  so  they  serve  to  divide  up 
the  total  distance  between  terminal  points  into  a  series  of  short 
spaces,  each  of  which  can  be  covered  by  a  single  setting  of  the 
instrument.    The  successive  differences  of  elevation  of  turning-, 
points  being  found,  their  algebraic  suija  would  be  the  difference 
of  elevation  of  the  terminal  points,  or  bench-marks.     But  since 
all  the  back  sights  are  essentially  positive  and  all  the  fore  sights 
are  essentially  negative,  we  may  at  once  add  all  the  back  sights 
together  and  all  the  fore  sights  together,  and  take  the  difference 
of  the  sums.    This  is  the  difference  of  elevation  between  ter- 
minal points,  and  has  the  sign  of  the  larger  sum,  the  back  sights 
being  positive  and  the  fore  sights  negative.    This  difference  of 
elevation  added  algebraically  to  the  elevation  of  the  initial  point 
gives   the   elevation   of   the   final   point     Evidently   the   route 
travelled  in  passing  from  one  bench-mark  to  another  is  of  no 
consequence   so   long  as   the    true    difference   of    elevation    is 
obtained. 

56.  Length  of  Sights.  Where  the  ground  is  nearly  level  it 
is  desirable  to  make  the  length  of  sights  (distance  from  instru- 
ment to  rod)  as  long  as  practicable,  in  order  to  increase  the  rate 
of  progress.  For  the  best  work  this  distance  may  be  from  100 
to  300  feet,  according  to  the  state  of  the  atmosphere.  When  the 
air  and  ground  differ  greatly  in  temperature  there  result  innumer- 
able little  upward  and  downward  currents  of  air,  the  upward 
being  warmer  than  the  downward  currents.  The  warmer  air  is 
more  rarefied  than  the  colder,  and  thus  a  ray  of  light  passing 
from  the  rod  to  the  instrument  passes  alternately  through  denser 
and  rarer  media,  each  change  producing  a  slight  refraction  of 
the  ray.  This  causes  a  peculiar  tremulous  condition  of  the 
image  in  the  telescope,  so  that  it  is  difficult  to  determine  just 
what  part  of  it  is  covered  by  the  cross-hairs.  At  such  times 
the  air  is  said  to  be  *' trembling,"  or  *' dancing"  or  "unsteady." 
It   always  occurs   more  or   less    in    clear   weather,   owing   to 
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the  earth  then  being  hotter  than  the  air,  and  it  varies  with 
the  quality  of  the  soil,  cinders  or  gravel  being  very  bad. 
When  the  air  is  in  this  condition  the  length  of  sights  should  be 
shortened. 

The  back  and  fore  sights  for  any  setting  of  the  instrument 
should  always  be  equal  in  length.  Levelling  is  the  only  kind  of 
field  surveying  wherein  the  instrumental  errors  may  be  thoroughly 
eliminated  without  duplicating  the  observations.  This  may  be 
done  in  levelling  by  making  the  back  and  fore  sights  of  equal 
laagth.  For,  since  the  difference  between  back  and  fore  sights 
is  always  the  quantity  used,  it  follows  that  if  both  are  too  large 
or  too  small  by  the  same  amoimt,  the  difference  will  be  unchanged. 
If,  when  the  bubble  is  in  the  middle  of  its  tube,  the  line  of  sight 
is  inclined  upwards  by  a  given  small  angle,  then  it  has  this 
relation  to  the  horizontal  on  both  fore  and  back  sights,  and  if 
the  lengths  of  sights  were  equal  the  fore  and  back  rod-readings 
were  equally  in  error.  It  is  therefore  very  desirable  that  these 
sights  should  be  made  of  equal  length.  Moreover,  the  effect  of 
the  earth's  curvature  is  eliminated  by  so  doing,  however  long  the 
sights  may  be.i  There  are  other  kinds  of  errors  that  are  not 
eliminated  by  this  means,  but  those  that  are  eliminated  are  of 
suflScient  importance  to  warrant  great  care  to  secure  equal  sights 
for  each  setting.  If  it  is  impossible  to  do  this  at  any  time,  the 
inequality  should  be  balanced  off  at  the  next  one  or  two  settings, 
by  making  them  unequal  in  the  opposite  direction  by  the  same 
amount.  The  equality  of  sights  can  be  determined  by  pacing 
with  sufficient  accuracy. 

57.  Bench-Marks  are  fixed  points  or  more  or  less  perma- 
nait  character  whose  elevations  are  determined  and  recorded 
for  future  reference.  The  general  and  particular  location  of  a 
bench-mark  should  be  so  distincdy  described  that  anyone  could 
find  it  from  its  description.  Whenever  the  work  is  temporarily 
interrupted  a  temporary  bench-mark  is  set,  such  as  a  substantial 


^  The  student  should  prepare  a  drawing  showing  the  proof  of  these  statements. 
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stake  driven  into  the  ground,  or  a  spike  in  the  root  of  a  tree. 
The  prime  requisite  of  a  good  bench-mark  is  that  it  shall  not 
change  its  elevation  during  the  period  in  which  it  is  to  be  used. 
If  this  period  is  not  more  than  two  or  three  years,  a  spike  driven 
in  the  spreading  root  of  a  tree  near  the  trunk  and  well  above 
ground  will  serve.  The  wood  should  be  trimmed  away  from 
it  so  as  to  leave  a  projecting  spur  that  will  not  be  overgrown. 
The  tree  itself  should  then  be  marked  by  notching  or  otherwise, 
and  carefully  located  in  the  description. 

If  the  mark  is  to  serve  for  from  five  to  fifty  years,  stone  or 
brick  structures  or  natural  rock  should  be  selected.  The  water- 
tables,  or  comers  of  stone  steps,  of  buildings,  copings  of  founda- 
tion and  retaining  walls,  piers  and  abutments  of  bridges,  or 
copper  bolts  leaded  in  natural  rock  may  serve.  If  artificial 
structures  are  chosen,  those  should  be  selected  which  have 
probably  settled  to  a  fixed  position,  and  for  this  reason  old 
structures  are  preferable  to  new  ones. 

When  stakes  are  used  for  temporary  benches  it  is  often 
advisable  to  set  two  or  even  three  for  a  check.  In  this  case  the 
mean  elevation  is  the  elevation  used.  In  starting  from  such  a 
series  of  benches  there  would  be  as  many  back  sights  for  the 
first  setting  of  the  instrument  as  there  were  benches,  the  mean 
of  which,  added  to  the  mean  elevation  of  the  benches,  would 
give  the  height  of  instrument.  In  running  a  continuous  line  of 
levels  it  Ls  advisable  to  set  a  bench-mark  at  least  as  often  as  one 
to  the  mOe. 

58.  The  Record  in  difierential  levelling  is  very  simple. 
The  bubble  always  being  put  in  the  middle  of  the  tube,  and 
the  rod  positions  chosen  equally  distant  from  the  instrument, 
the  bubble-reading  and  the  length  of  sights  may  be  omitted 
from  the  record,  unless  some  knowledge  of  the  distance  run  is 
desired,  when  the  length  of  sights  may  be  inserted.  If  it  is 
inconvenient  to  make  corresponding  back  sights  and  fore  sights 
equal  their  totals  between  bench-marks  should  be  made  equal  as 
in  the  following  example : 
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Form  of 

Record  for  Difi-erential 

Levelling 

Sta. 

B.S.4- 

H.I. 

F.S.- 

Elevation 

Distance. 
B.  S.  1  F.S. 

Remarks. 

BM.i 

9.42 

886.35 

40 

*  Cross  on  foundation  of 
Science  Hall,  U.W.  Cam- 

895-77 

0.74 

895.03 

50 

pus  7  ft.  north  of  £.  steps. 

12.16 

60 

Party. 

907.19 

2.34 

904.85 

70 

Levelman,  D.  Show. 

10.47 

90 

Rodman,  H.  Beach. 

915-32 

1-74 

913.58 

70 

Oct.  I,  1909. 

8.97 

40 

922.55 

3-72 

918.83 

60 

ft 

10.72 

50 

B.M.  2 

929.55 

7-50 

922.05 

50 

Top  of  hydrant  N.E.  cor. 
Main  and  North  Sts. 

^  Some  engineers  prefer  to  put  both  the  F.  S.  and  B,  S.  on  any  turning-point  on  the 
same  line. 


If  preferred  the  H.  I.  and  Elevation  columns  may  be  omitted. 
The  difference  between  the  sum  of  the  B.  S.  and  F.  S.  colunms 
gives  directly  the  difference  of  level.  In  the  above  example  if 
this  difference,  +35.70,  be  added  to  the  elevation  of  B.  M.  i, 
886.3s,  w^  obtain  the  elevation  of  B.  M.  2,  922.05. 

59.  Precautions  in  Level  Work  should  always  be  taken 
if  the  best  results  are  to  be  obtained.  The  instrument  should 
be  adjusted  every  day,  especially  the  parallelism  of  bubble- 
axis  and  line  of  sight.  The  instrument  and  rod  should  both  be 
set  in  firm  ground.  An  iron  pin,  with  a  spherical  top,  6  to 
8  inches  long,  and  tapering  to  a  point,  should  be  used  for 
the  turning-point.  A  rope  or  leather  noose  should  be  passed 
through  an  eye  at  top  to  serve  as  a  handle.  To  hold  the  rod 
upright  the  rodman  should  stand  squarely  behind  it  and  keep 
it  balanced  on  the  pin.  When  the  target  is  set  and  clamped 
the  rodman  reads  it  and  records  it  on  a  paper  he  carries  for 
the  purpose.  He  then  carries  it  to  the  observer,  if  it  was  a 
back-sight  reading,  or  he  awaits  the  coming  of  the  observer 
if  it  was  a  fore-sight  reading,  when  the  observer  also  reads  it 
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and  records  it  in  his  note  book.  The  rodman  then  calk  off 
his  reading,  and  the  observer  notes  its  agreement  with  his 
recorded  reading.  In  this  way  two  wholly  independent  readings 
are  obtained  and  any  erroneous  reading  corrected.  Errors  of 
one  foot  or  one  tenth  are  not  very  uncommon  in  reading  target 
rods.  The  rodman  should  be  especially  careful  to  protect  the 
turning-point  from  all  disturbances  between  the  forward  and 
back  readings  upon  it.  The  observer  must  not  only  obtain 
an  accurate  bisection  on  the  target,  but  he  must  know  that  the 
bubble  is  accurately  in  the  centre  of  the  tube  when  this  bisection 
is  obtained.  When  the  observer  walks  forward  to  set  his 
instrument  he  counts  his  paces,  and  takes  as  long  a  sight  as  the 
nature  of  the  ground  or  the  condition  of  the  atmosphere  will 
allow.  ^\Tien  the  rodman  comes  up  he  counts  his  paces  to  the 
instrument  and  then  goes  the  same  distance  in  advance.  Thus 
the  observer  controls  the  length  of  sights,  making  them  what- 
ever he  likes;  and  it  is  the  business  of  the  rodman  to  see  that 
the  back  and  fore  sight  for  every  instrument-station  are  equal. 

Profile  Levelling 

60.  In  Profile  Levelling  the  object  is  to  obtain  a  profile  of 
the  surface  of  the  ground  on  certain  established  lines.  Here 
both  the  distances  from,  and  the  elevation  above,  some  fixed 
initial  point  must  be  obtained.  When  the  line  is  laid  out  stakes 
are  usually  driven  every  hundred  feet,  these  positions  being 
obtained  by  a  chain  or  tape.  It  is  now  the  business  of  the 
leveller  to  obtain  the  elevation  of  the  ground  at  each  of  these 
stakes,  and  at  as  many  other  intermediate  points  as  may  be 
necessary  to  enable  him  to  draw  a  fairly  accurate  profile  of 
the  ground.  The  100-foot  stakes  are  usually  numbered,  and 
these  numbers  are  entered  on  the  level  record.  The  inter- 
mediate points  are  called  pluses.  Thus,  a  jx)int  40  feet  beyond 
the  twenty-fifth  loo-foot  stake  is  callcxi  25  +  40,  being  really 
2,540  feet  from  the  initial  point.     It  is  evident  that  no  plus- 
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distance  can  be  more  than  loo  feet,  and  these  are  usually  paced 
by  the  rodman.  The  intermediate  points  are  selected  with 
reference  to  their  value  in  determining  the  profile.  These  are 
points  where  the  slope  changes,  being  mostly  maximum  and 
minimum  points,  or  the  tops  of  ridges  and  bottoms  of  hollows. 
Turning-points  are  selected  at  proper  distances,  depending  on 
the  accuracy  required,  and  these  may  or  may  not  be  points  in 
the  I'ne  whose  profile  is  desired.  The  levelling  instrument  also  is 
not  set  on  line,  if  it  is  found  more  convenient  to  set  it  off  the  line. 

In  profile  levelling,  since  absolute  elevations  with  reference 
to  the  datum-plane  are  to  be  obtained  from  every  instrument- 
position,  it  is  necessary  to  find  the  height  of  instrument  above 
datum  for  every  setting,  and  from  this  height  of  instrument, 
obtained  by  a  single  back-sight  reading  on  the  last  turning- 
point,  the  elevations  of  any  number  of  points  are  found  by  sub- 
tracting the  readings  upon  them. 

6i.  The  Record  in  profile  levelling  is  much  more  elaborate 
than  in  differential  levelling.  The  form  on  following  page  is 
considered  very  convenient  for  profile  work  where  the  line  has 
been  laid  out  and  loo-foot  stakes  set. 

It  will  be  noted  that  there  is  but  one  back  sight  and  one 
height  of  instrument  for  each  setting.  The  back-sight  and  fore- 
sight readings  from  the  same  instrument-station  are  not  found 
here  on  the  same  line,  but  the  fore-  and  back-readings  on  the 
same  turning-point  are  on  the  same  line.  Thus,  the  rod  was 
first  read  on  the  bench-mark  whose  elevation  was  known  to  be 
886.347  feet  above  the  datum.  The  reading  on  this  bench  was 
i.oo,  thus  giving  a  height  of  instrument  of  887.347.  This  is 
marked  B.  M.  in  the  station  colunm,  and  evidently  has  but  one 
reading  upon  it  in  starting  the  work  from  it.  A  series  of  inter- 
mediate sights  are  then  taken  at  various  100-foot  stakes  and 
pluses,  the  readings  on  which,  when  subtracted  from  the  H.  I., 
give  the  surface  elevations  at  those  points.  When  the  work  has 
progressed  as  far  in  front  of  the  instrument  as  the  B.  M.  was 
back  of   it,   a    turning-point   is   set,   and   the  reading  upon  it 
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recorded  in  the  column  of  fore  sights.  This  reading  was  11.794, 
which,  subtracted  from  the  H.  I.  887.347,  gives  875.553  as  the 
elevation  of  the  turning-point.  The  instrument  is  now  moved 
forward  and  a  back-sight  readmg  taken  upon  this  T.  P.  of  1.249. 

FIELD   NOTES,   PROFILE  LEVELLING 


Station. 

B.  S.+ 

H.  I. 

I.S.- 

F.  S.- 

Elevation 

Remarks. 

S.H.B.M.  * 

I.OO 

886.347 
886.1 

885.2 
873.8 
880.6 
878.2 

875-553 
870.9 

868.9 

872.6 

869.6 

865.382 

862.6 

884.6 

880.6 

880.6 

861.351 

865.655 
870.101 

876.002 

886  341 

*  B  \1     on    ffiiinHa.tinrk 

o4-oo 
4-II 

887.347 

1.2 
2.1 

3-5 
6.7 

9-1 

11.794 
11.420 

4-973 
6.728 

2.282 

3-736 
1.772 

of   Science   Hall    U. 

W.    Campus    9    ft. 

north  of  E.  sleps. 
Party. 
Levelman,  D.  Jones. 
Roflniiin    H    Prirp 

4-21 

1+3-3 

+  27 
T.P. 

• 

1.249 

14-75 

876.802 

5.9 
7-9 

4-2 

7-2 

+95 

24- 14 

June  I,  1910. 

4-50 

T.P. 

0.941 

24-95 

866.^23 

3-7 
1-7 
5.7 
5-7 

?4-oo 

+75 

44-0 

T.P. 

11.032 
6.728 
9.727 

4-1- 18  B.M. 

872-383 

872-383 
879.828 

888.113 

*  B.  M.  Top  of  large  rock 
shore  of  lake  50  feet 

east  of  Park  St. 

12.021 

In  the  above  headings,  B.  S.  denotes  back  sight;  F.  S.,  fore  sight;  I.  S., 
intermediate  sight;  H.  I.,  height  of  instrument;  T.  P.,  turning-point;  B.  M., 
bench-mark;  Sta.,  station. 

which  added  to  875.553  gives  876.802  as  the  new  H.  I.  The  read- 
ings on  bench-marks  and  turning-points  are  made  to  thousandths, 
while  the  intermediate  sights  for  surface  elevation  are  read  only 
to  tenths  of  a  foot.  The  last  elevation  obtained  is  checked  by 
adding  the  back  sights  and  fore  sights,  taking  the  difference  and 
applying  it  to  the  elevation  of  the  initial  point  with  its  proper 
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sign,  remembering  that  back  sights  are  positive  and  fore  sights 
negative.  The  profile  is  now  constructed  by  the  data  found  in 
Ele\'ation  and  Station  columns.  In  constructing  the  profile,  some 
kind  of  profile  or  cross-section  paper  is  used,  and  the  horizontal 
scale  made  much  smaller  than  the  vertical.  Thus,  if  the  hori- 
zontal scale  were  400  feet  to  the  inch,  the  vertical  scale  might  be 
10  or  20  feet  to  the  inch. 

Levelling  for  Fixing  a  Grade 

62.  In  Fixing  a  Grade  the  profile  may  be  obtained  and 
the  grade  marked  upon  it.  The  vertical  distance  between  the 
surface  line  and  the  grade  line  at  any  point  is  the  depth  of  cut 
or  fill  at  that  point,  and  this  may  be  marked  on  the  line  stakes 
at  once,  without  the  aid  of  the  level  or  rod,  if  only  the  centre 
dq)ths  are  desired,  as  in  the  case  of  a  ditch  or  trench.  If  the 
sides  are  to  have  a  required  slope,  however,  the  level  and  rod 
are  necessary  to  fix  the  horizontal  distance  of  the  limiting  or 
"slope"  stakes  from  the  centre  stakes  whenever  the  ground  is 
not  strictly  a  level  surface.  This  operation  is  called  "cross- 
sectioning,"  and  is  described  in  Chapter  XIII,  on  Determination 
of  Volumes. 

If  the  grade  be  known  before  the  profile  is  determined,  together 
with  the  absolute  elevation  of  the  initial  point,  as  is  sometimes 
the  case  with  ditches  and  trenches  for  pipe  lines  or  sewers,  then 
the  depth  of  cut  (or  fill)  may  be  at  once  determined  and  marked 
on  the  Une  stakes  when  the  profile  is  taken.  The  form  of  record 
might  be  the  same  as  given  above  for  profile  levelling,  with  the 
addition  of  \yiO  colunms  after  the  ** Station"  column,  one  being 
Elevation  of  Grade,  and  the  other  Cut  or  Fill.  The  elevation  of 
grade  would  be  found  for  each  profile  point  by  adding  if  an  up, 
and  subtracting  if  a  down,  grade,  the  differences  of  elevation 
corresponding  to  the  successive  distances  in  the  profile.  The 
difference  between  the  corresponding  ** surface  elevation"  and 
''elevation  of  grade"  would    be  the  cut  or  fill  at  each  ix)int, 


which  could  be  at  once  taken  out  and  marked  on  the  line  stake. 
This  point  is  explained  more  fully  in  Art.  366. 

The  Hakd-Level 

63.  Locke's  Hand-Level  is  a  very  convenient  little  instru- 
ment for  rough  work,  such  as  is  done  on  reconnaissance  expedi- 
tions. It  consists  of  a  telescope  with  a  bubble  attached  in  such 
a  way  that  the  position  of  the  bubble  is  seen  by  looking  through 
the  telescope.  A  horizontal  line  of  sight  is  thus  readily  deter- 
mined. If  the  instrument  be  out  of  adjustment  the  cross-wire 
can  be  adjusted  by  the  use  of  the  peg  adjustment,  using  screws 
provided  for  this  purpose.    See  Fig.  28, 


EXERCISES  WITH  THE  LEVEL 

1.  Adjust  the  bubble  to  (he  line  of  aghl  by  the  first,  or  [ndirect,  method, 
and  [hen  test  it  by  the  second,  or  direct,  method.  If  this  second  method  does 
not  show  it  to  be  in  adjuslmenl,  where  does  the  error  lie? 

I.  Cause  the  line  of  sight  and  bubble-axis  to  make  a  considerable  angle 
with  each  other  (thai  is,  put  it  badly  out  of  adjustment  in  this  particular),  and 
level  around  a  bLK:k  or  two,  closing  on  the  starting-point,  being  careful  to 
make  back  and  fore  sights  as  nearly  equal  as  p<issiblc.  Of  course  the  linal 
elevation  of  the  point  should  agree  with  the  assumed  initial  elevation.  The 
difference  of  these  elevations  is  the  error  of  closure  of  the  level  polygon.  If 
the  back  and  fore  sights  were  eiaclly  equal  this  should  be  zero,  notwithstand- 
ing the  erroneous  adjustment. 

3.  Put  the  instrument  in  accurate  adjuslmenl,  and  level  over  (he  same 
polygon  as  before,  making  the  hack  and  fore  sights  quite  unequal,  and  note  the 
error  of  closure.  IE  the  inslrunient  were  in  exail  adjustment  and  there  were 
no  errors  of  observation,  should  the  error  of  closure  be  zero? 
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4.  Range  out  a  line  on  uneven  ground  about  a  half-mile  in  length,  and  set 
stakes  every  hundred  feet.  Let  each  student  determine  the  profile  indepen- 
dently. When  all  have  finished,  let  them  copy  their  profiles  on  the  same  piece 
of  tracing-cloth,  starting  at  a  common  point.  The  vertical  scale  should  be 
large,  so  as  to  scatter  the  several  profile  lines  sufficiently  on  the  tracing.  Each 
profile  should  be  in  a  different  color  or  character  of  line. 

5.  Select  a  line  on  nearly  level  ground,  about  a  half-mile  in  length.  Estab- 
lish a  substantial  bench-mark  at  each  end.  Let  each  student  determine  the 
difference  of  elevation  of  these  benches  twice,  running  forward  and  back.  See 
if  the  results  are  affected  by  the  direction  in  which  the  line  is  run. 

If  each  student  could  do  this  several  times  some  evidence  would  be  ob- 
tained as  to  there  being  such  a  thing  as  "personal  equation"  in  levelling;  that 
is,  each  person  tending  to  always  obtain  results  too  high  or  too  low.  Why  is 
it  improbable  that  there  could  be  any  personal  equation  in  levelling? 
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CHAPTER   IV 

instruments  for  measuring  angles 

The  Transit 

64.  The  Engineer's  Transit  is  the  most  useful  and  universal 
of  all  surveying  instruments.  Besides  measuring  horizontal  and 
vertical  angles  it  will  read  distances  by  means  of  stadia  wires, 
determine  bearings  by  means  of  the  magnetic  needle,  do  the 
work  of  a  solar  compass  by  means  of  a  special  attachment,  and 
do  levelling  by  means  of  a  bubble  attached  to  the  telescope.  It 
is  therefore  competent  to  perform  all  the  kinds  of  service  rendered 
by  any  of  the  instruments  heretofore  described,  and  is  sometimes 
called  the  "universal  instrument.*'  A  cut  of  this  instrument  is 
shown  in  Fig.  29.  Fig.  30  is  a  sectional  view  through  the  axis 
of  a  transit  of  different  manufacture. 

The  telescope,  needle-circle,  and  vernier  plates  are  rigidly 
attached  to  the  inner  or  solid  spindle  which  turns  in  the  hollow 
outer  spindle.  Fig.  30.  This  portion  of  the  instrument  is  called 
the  alidade^  as  it  is  the  part  to  which  the  line  of  sight  is  attached. 
The  outer  centre  or  spindle  carries  the  horizontal  limb  and  may 
itself  revolve  in  the  outer  socket  attached  to  the  levelling-head. 
The  inner  and  outer  centres  are  held  to  the  triixxl  by  a  ball-and- 
socket  joint  marked  7  in  the  cut.  Either  or  both  of  these  spindles 
or  centres  may  be  made  rigid  by  means  of  proper  clamping  devices. 
If  the  spindle  carrying  the  horizontal  limb  be  clamped  rigidly 
to  the  levelling-head  and  the  alidade  spindle  be  allowed  to  revolve, 
then  horizontal  angles  may  be  read  by  noting  the  vernier  readings 
on  the  fixed  horizontal  limb  for  the  different  jx)intings  of  tele- 
scope.    If  the  horizontal  limb  itself  be  set  and  clamped  so  that 


AnjUSTMENT,  USE,  AND   CARE  OF  INSTRUMENTS 


SURVEYING 


ADJUSTMENT,  USE,  AND  CARE  OF  INSTRUMENTS         67 

one  of  the  verniers  reads  zero  when  the  telescope  is  on  the 
meridian,  then  for  any  other  pointing  of  the  telescope  the  reading 
of  this  same  vernier  gives  the  true  azimuth  of  the  line.  £ee 
Art.  91.  It  is  necessary,  therefore,  to  have  two  independent 
movements  of  telescope  and  horizontal  limb  on  the  same  ver- 
tical axis.  The  magnetic  needle  is  shown  in  the  compass-box. 
The  plumb-line  is  attached,  as  shown;  this  should  always  be  in 
the  vertical  line  passing  through  the  centre  of  the  graduated 
horizontal  circle.  This  will  be  the  case  when  it  is  attached 
directly  to  the  axis  itself,  for  this  must  always  be  made  vertical. 

The  limb  is  graduated  from  zero  to  360°,  and  sometimes 
with  a  second  set  of  figures  to  90°  or  180°.  There  are  two 
vemiers  reading  on  the  horizontal  limb  180°  apart.  Both  the 
instruments  shown  in  Figs.  29  and  30  have  shifting  centres, 
enabling  the  final  adjustment  of  the  instrument  over  a  point 
to  be  made  by  moving  it  on  the  tripod-head.  The  telescope 
is  shorter  than  those  used  in  levelling-instruments  in  order  that 
it  may  be  revolved  on  its  horizontal  axis  without  having  the 
standards  too  high.  The  movement  of  this  axis  is  controlled 
by  a  clamp  and  slow-motion  screw.  Two  level-vials  are  provided 
on  the  alidade,  one  parallel  and  one  at  right  angles  to  the  hori- 
zontal axis,  for  levelling  the  instrument,  making  the  limbs  truly 
horizontal. 

The  Telescope 

65.  The  Telescope.  The  construction  of  a  transit  telescope 
is  ver}-  similar  to  the  level  telescope  described  in  Art.  41.  Its 
essential  parts  the  objective,  cross-wires  and  eye-piece,  are  shown 
in  Fig.  30. 

66.  The  Objective.  As  already  explained,  the  function  of 
the  objective  is  to  gather  the  rays  of  light  from  the  object  sighted. 
The  advantage  of  a  large  objectiv^e  is  shown  by  the  fact  that 
^  objective  1.25  inches  in  diameter  will  gather  50  per  cent 
more  light  than   an  objective  one  inch  in  diameter,  while  on 
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objective  1.5  inches  in  diameter  has  2.25  times  the  capacity  of 
the  i-inch  objective. 

The  cross-ivires  are  placed  in  the  principal  focus  of  the 
objecti\'e,  near  the  eye-]>iece.  The  objective  is  screwed  into  the 
end  of  a  tube  inside  the  telescope  .tube  proper.  .'\  rack-and- 
pinion  screw  provides  for  bringinj^  the  ima^e  of  tlie  object  to 
a  focus  at  tht:  cros.s-w  ires.  The  construction  of  the  instrument 
insures  that  the  motion  of  the  tube  shall  be  parallel  to  the  line 
of  coUimution. 

67.  The  Eye-Piece  has  a  single  ])urpose,  the  magnification  of 
the  image.     A  suitable  arrangement  is  provided  for  mo\'ing  the 
focal  plane  of  the  eye-piece  into  coincidence  with  the  ])lane  of  the 
cross-wires,  and  if  at  the  same  time  the  plane  of  the  image  has 
been  brought  to  coincide  with  that  of  the  cro.ss-wires,  the  in.stru- 
ment  is  said  to  be  focussed.     The  tran,sit  eye-piece  may  be  either 
of  the  erecting  or  the  inverting  type.     The  former  is  much  more 
common  in  the  United  States  in  spite  of  its  disadvantages.     It  is 
worthy   of   consideration   that    with 
the  same  length  of  telescope  a  much 
greater  magnifying  power  and  clearer 
images  may  be  obtained  by  using  the 
inverting  eye-piece.    The  necessity  of 
transiting  the  transit  telescope  Hmits 
its  aUowable  length.     .As  the  advan- 
tages    of     the     inverted     eye-piece 
become    better   known    and    appre- 
ciated   it   seems   certain    to   replace 
the  erecting  eve-piece. 
Fig.  31.— Cross-scclion  of  Tele-  t-i,  ■  1 

I,  ,1,.  IV-    iv  I  he   cross-wires    are   commonly 

scope  show  ing  the  v\  ire  iJia-  •        c    r  ■ 

phragm  in  Natuial  Size.  made  of  fine  opaque  spider  threads, 

though  sometimes  platinum  wires  are 
used.  These  are  stretched  across  a  metallic  ring  at  right  angles 
to  each  other  and  fastened  by  shellac.  This  ring,  called  the 
reticule,  is  hcki  in  ])lace  by  four  capstan-headed  screws.  See 
Fig.  31. 
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Care  should  be  taken  not  to  tighten  one  of  these  screws 
without  first  loosening  the  opposing  screw,  otherwise  the 
brass  screw  could  be  twisted  off.  In  addition  to  the  hori- 
zontal and  vertical  cross-wires,  the  engineer's  transit  is  usually 
pro\'ided  with  two  additional  horizontal  wire^  on  opposite  side 
of  and  equally  distant  from  the  central  horizontal  cross-wire. 
These  extra  wires  are  essential  in  stadia  measurements.  See 
Art  212. 

68.  Magnifying  Power.  The  magnifying  power  of  a  tele- 
scope should  depend  upon  the  relative  focal  lengths  of  the 
objective  and  eye-piece.  The  greater  the  power  of  the  eye-piece, 
the  smaller  the  field  of  view  and  the  dimftier  the  image,  a  result 
which  should  be  counterbalanced  by  increasing  the  diameter 
of  the  object  glass.  The  powers  used  on  good  engineers'  transits 
varies  between  20  and  30  diameters. 

Of  the  several  ways  of  measuring  the  magnifying  power  of 
a  telescope  the  following  is  the  most  simple:  A  level-rod  or 
stadia  rod  is  held  vertically  at  a  distance  of  50  to  100  feet  away 
from  the  transit.  While  one  eye  is  reading  the  number  of  sym- 
bols included  between  the  .stadia  wires  in  the  telescope  field 
of  \iew,  the  other  eye  can  observe  outside  the  telescope  the  num- 
ber of  symbols  corresponding.  Thus  at  a  distance  of  50  feet 
the  stadia  wires  are  seen  to  subtend  five  tenths  of  a  foot  while 
in  the  same  visual  angle  the  unaided  eye  sees  100  tenths.     The 

100 
power  would  then  be  —  =  20. 

5 

The  magnifying  power  of  the  telescope  and  the  least  count 

of  the  vernier  should  be  designed  to  that  the  least  noticeable 

motion  of  the  cross-wires  on  an  object  should  cause  a  barely 

perceptible  change  of  the  vernier  and  vice  versa. 

69.  The  Vernier.  This  is  a  device,  named  after  its  inventor, 
for  measuring  smaller  subdivisions  of  the  scale  or  circle  than 
can  be  done  by  estimation.  The  device  depends  upon  the  fact 
that  the  eye  can  judge  when  two  lines  coincide  much  more 
accurately    than    it    can    estimate    the    fractional    part    of    a 
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space.  ^  To  understand  the  use  of  a  vernier  suppose  that  two  bars 
of  equal  length,  the  one  divided  into  N  parts  and  the  other  intx> 
iV+ 1  parts,  are  placed  side  by  side  as  shown  in  Fig.  32(1).  Now 
suppose  that  one  of  these  bars,  say  the  left  one,  remains  stationary 
and  the  right  one  slides  along  it.  Just  after  it  starts  to  move  no  line 
on  one  bar  will  coincide  with  a  line  on  the  other,  but  after  the  lower 
bar  has  moved  to  upward  the  distance  a-6,  the  first  line  marked  a 

will  come  into  coincidence  with  the 
line  marked  b  of  the  left  bar.  This 
gives  a  vernier  reading  of  3.01,  the 
distance  ab  being  ^^  of  the  smallest 
division  on  the  scale.  It  is  obvious 
that  to  make  c  coincide  with  rf,  the 
lower  bar  must  move  upward  to 
twice  the  distance  a6,  hence  such  a 
reading  (see  Fig.  32  (11))  would  indi- 
cate 3.02.  And  in  general  the  num- 
ber of  the  line  on  the  right-hand  bar 
(the  vernier)  which  coincides  with  a 
line  of  the  scale  will  be  the  number  of 
tenths  of  the  smallest  division  of  the 
scale  that  the  zero  has  passed  the 
next  lower  division  on  the  scale.  This  type  of  vernier  is  com- 
monly used  on  level  rods.  It  will  be  noted  that  the  zero  of  the 
vernier  scale  always  marks  the  point  on  the  limb  ^  whose  reading 
is  desired.  Such  a  reading  consists  of  two  parts:  First,  noting 
the  last  division  on  the  scale  or  limb  passed  by  the  zero  of  the 
vernier,  and  second,  counting  the  number  of  lines  on  the  vernier 
between  its  zero  and  the  point  of  coincidence  with  the  scale. 
(The  particular  division  on  the  scale  which  happens  to  be  in 
coincidence  is  of  no  consequence.)     The  scale  reading  is  then 
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^  The  introduction  of  this  invention  in  163 1  revolutionized  the  construction 
of  angle-measuring  instruments  as  well  as  the  methods  of  using  them.  The 
device  is  named  after  its  inventor,  Pierre  Vernier. 

'  The  graduated  scale  on  a  transit  or  compass  is  called  the  limb. 
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obtained  by  adding  the  latter  number  of  units  to  the  first.  Ver- 
niers are  distinguished  as  direct  or  retrograde.  In  the  former 
a  division  of  the  vernier  is  less  than  the  smallest  division  on  the 
scale,  while  in  the  latter  the  vernier  division  is  greater.  The 
direct  vernier  reads  forward  from  its  zero,  while  the  retrograde 
vernier  reads  backward  from  its  zero  point. 

70.  Transit  Verniers.  Since  angles  may  be  measured  to 
the  right  or  to  the  left,  the  verniers  used  on  transits  are  usually 
double,  i.^.,  there  is  a  single  vernier  on  each  side  of  the  zero  or 
index  point.  This  will  be  better  understood  by  reference  to 
Fig.  33,  which  shows  a  form  of  vernier  most  commonly  used 

VERNIER 


SS^  360 

CIRCLE 

Fig.  zZ' — ^Vernier  reads  to  minutes  set  at  5®  or  355**. 

when  reading  only  to  single  minutes.  In  this  case  the  circle 
is  divided  into  degrees  and  half  degrees  while  the  vernier  is  con- 
structed by  dividing  the  length  of  29  half  degrees  into  30  equal 

20 

parts.    Each  space  on  the  vernier  is  then  equal  to  — X3o'=29'. 

30 

The  difference  then  between  the  length  of  the  30'  division  of  the 
circle  and  the  29'  division  of  the  vernier  is  one  minute  of  arc.  In 
Fig.  34  the  zero  of  the  vernier  coincides  with  the  5°  and  355°  marks 
on  the  circle.  The  first  graduation  on  the  vernier  to  the  right  of 
the  zero  fails  to  coincide  with  the  30'  line  by  exactly  i'  of  arc. 
The  second  b'ne  on  the  vernier  falls  2'  short  of  the  1°  mark  and 
the  third  line  3'  short  of  the  1°  30'  mark,  etc.  Hence  if  the 
veraier  were  moved  i'  to  the  left  its  first  line  would  coincide 


72 


SURVEYING 


and  the  reading  would  be  o°  oi'.  If  the  vernier  were  moved 
i'  more  the  second  line  would  coincide  and  the  reading  would 
be  o°  2',  etc.  In  general  the  number  of  the  line  on  the  vernier 
which  is  in  coincidence  with  some  line  on  the  circle  is  the  number 
of  minutes  to  be  added  to  the  last  adjacent  graduation  on  the 
limb.  After  the  vernier  has  passed-  the  half -degree  line  on  the 
circle  care  should  be  taken  to  add  30'  to  the  vernier  reading. 

The  following  figures  show  the  more  common  types  of  vernier 
used  on  transits. 
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Fig.  34. — This  is  a  double  vernier.     The  circle  is  divided  into  20'  spaces,  and  it   will 

be  noted  that  40  spaces  on  the  vernier  correspond  in  length  to  39  divisions  on  the 

circle.     The  vernier  therefore  reads  to  ^  of  the  smallest  division  on  the  circle,  20', 

or  i'=3o".     Read  that  part  of  the  double  verifier  on  the  side  of  zero  toward  which 

the  angle  in  question  is  increasing.     Thus  the  reading  of  the  inner  figures  is  90® 

while  of  the  outer  figures  is  270°. 

vt:rnter 


350 


360 


CIRCLE 

Fig.  35. — ^This  vernier  is  also  a  double  vernier.  The  anow  at  the  right  is  zero  when 
reading  angles  to  the  left  (clockwise),  while  the  arrow  at  the  left  is  zero  for  angles 
increasing  to  the  right,  i  division  on  circle=  20'.  59  divisions  on  circle  =  6r 
divisions  on  vernier.  Vernier  reads  to  ifeX  20'= J=  20".  Reading  of  inner  row  of 
figures,  355°-o'.     Reading  of  outer  row  of  figures,  345^-20'. 
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Fig.  36. — This  is  a  double  yemier  also,  each  degree  of  the  circle  being  divided  into  4  parts 
or  15'.  Note  that  44  divisions  of  the  circle  ft  equal  to  45  divisions  of  the  vernier. 
The  least  count  of  this  vernier  is  therefore  •AfXi5'=J=2o".  The  reading  on  the 
inner  figures  is  5°,  on  the  outer,  355**. 

VER^aER 


CIRCLE 

Fic.  37. — Double  vernier  reading  to  30".  39  divisions  of  circle  divided  to  equal  40 
divisiont  of  the  vernier.  Inner  row  of  figures  reads  138®  30'  30".  Outer  row  of 
figures  reads  221°  29'  30". 

VERNIER 


•       CIRCLE 

Hg.  3S.— Double  vernier  reading  to  20".  If  the  odd  numl^er  of  minutes  is  not  greater 
than  ten  the  reading  is  made  by  counting  divisions  from  the  index  mark  (zero).  If 
the  number  of  minutes  is  greater  than  ten  the  reading  is  secured  by  looking  for 
coincidence  between  the  10  mark  on  the  other  half  of  the  vernier  and  the  index  point. 
Inner  row  of  figures  reads  4**  50'.     Outer  row  of  figures  reads  355°  10'. 
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Fig.  39. — Single  vernier  reading  to  20".     Reading  of  circle  is  355' 

VERNIER 


CIRCLE 

Fig.  40     Single  vernier,  circle  divided  into  lo-minute  spaces,  59  of  which  are  divided  to 
make  60  divisions  of  the  vernier.     Vernier  reads  to  ^Xio'— 10".     Circle  reads 

o 
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71.  The  Adjustments  of  the  Engineer's  Transit  are  such 
as  to  cause  (i)  the  instrument  to  revolve  in  a  horizontal  plane 
about  a  vertical  axis,  (2)  the  line  of  collimation  to  generate  a 
vertical  plane  through  the  instrument  axis  when  the  telescope 
is  revolved  on  its  horizontal  axis,  (3)  the  axis  of  the  telescope 
bubble  to  be  parallel  to  the  line  of  coUimation,  thus  enabling 
the  instrument  to  do  levelling,  and  (4)  the  vernier  on  the  vertical 
circle  so  adjusted  that  its  readings  shall  be  the  true  altitude  of 
the  line  of  collimation.  There  four  results  are  attained  by 
making  the  following  five  adjustments,  nearly  all  being  based 
upon  the  principle  of  reversion: 
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72.  First.  The  Plate-Bubble  Adjustment.  To  make  the 
axis  of  each  plate  bubble  lie  in  a  plane  perpendicular  to  the  vertical 
axis.  This  adjustment  is  the  same  as  with  the  compass.  (One 
of  the  plate  bubbles  is  usually  set  on  one  pair  of  standards.)' 
Bring  both  bubbles  to  the  centre,  revolve  180°,  correct  one-half 
the  movement  on  the  levelling-screws  and  the  otlier  half  by 
raising  or  lowering  the  adjustable  end  of  the  bubble-tube.  In 
Fig.  41,  (i)  shows  plate  levelled  up;  (2)  shows  plate  turned  180° 
about  the  vertical  axis;  (3)  shows  the  bubble  brought  back  half 
way  to  the  centre  by  the  bubble-tube  adjusting-screws;  and  (4) 
shows  the  bubble  brought  entirely  back  to  the  centre  by  the  levelling- 
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Fig.  41. — Plate  Bubble  Adjustment, 


screws.  Each  bubble  should  be  brought  parallel  to  a  set  of 
opposite  levelling-screws  in  making  this  adjustment,  so  that  the 
correcting  for  one  bubble  does  not  throw  the  other  out.  When 
either  bubble  will  maintain  a  fixed  position  in  its  tube  as  the 
instrument  is  revolved  horizontally,  the  axis  of  revolution  is 
vertical.  One  bubble  is  therefore  sufficient  for  making  this  axis 
vertical,  but  two  are  somewhat  more  convenient,  especially  for 
indicating  when  the  axis  has  become  mclined  from  unequal 
settling  or  expansion  while  in  use. 

73-  Second.  The  Cross- Wire  Adjustment.  This  consists 
in  two  parts,  (a)  To  make  the  vertical  cross  wire  lie  in  a  vertical 
plane.  This  adjustment  can  be  made  as  in  (a).  Art.  42,  or  as 
follows:   Sight  the  upper  part  of  the  vertical  wire  on  some  well- 
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defined  point,  and  with  botli  plates  clamped  rotate  the  telescope 
upon  its  horizontal  axis,  as  shown  in  Fig.  42.  If  in  adjustment, 
the  point  should  travel  along  the  entire  length  of  the  vertical 
•wire.  If  not,  the  reticule  screws  should  be  loosened  and  the 
reticule  ring  made  to  rotate  slightly,  by  lightly  tapping  one  screw, 
until  the  above  condition  is  satisfied.  When  completed  tlie 
reticule  screws  should  all  be  brought  to  a  firm  footing,  but  without 
straining  the  screw  {b).  The  second  part  is  called  the  collima- 
tion  adjustment. 
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Fig.  42. 

74.  The  Collimation  Adjustment.  To  make  the  line  of 
sight  perpendicular  to  the  horizontal  axis  of  the  telescope.^  When 
this  is  done,  the  line  of  sight  will  generate  a  plane  when  the 
telescope  is  revolved  on  its  horizontal  axis.  If  the  line  of  sight 
is  not  perpendicular  to  the  horizontal  axis,  it  generates  the 
surface  of  a  cone  when  the  telescope  is  revolved,  the  axis  of  the 
cone  being  the  horizontal  axis  and  the  apex  being  at  the  inter- 
section of  the  line  of  sight  with  this  axis. 

Set  up  the  instrument  on  nearly  level  ^  ground,  where  a  view 
can  be  had  in  opposite  directions.     (See  Fig.  43.)     Set  the  line 

*  This  is  called  the  Adjustment  for  CoUimation^  since  it  consists  in  bringing 
the  line  of  sight  into  coincidence  with  the  line  of  ct)llimation,  which  is  simply 
the  true  position  for  the  line  of  sight. 

'  If  not  level  the  small  error  due  to  the  horizontal  axis  will  be  introduced 
into  this  test. 
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of  sight  on  a  definite  point  -4,  a  few  hundred  feet  away.  Reverse 
the  telescope  and  set  another  point  B  in  the  opposite  direction. 
Re\'olve  the  alidade  upon  its  vertical  axis  until  the  line  of  sight 
comes  upon  the  first  point  A,  Reverse  the  telescope  again  and 
fix  a  third  point  C  on  the'line  of  sight  beside  the  second  point  set. 
Measure  off-  one-fourth  the  distance  between  these  two  points 
from  the  last  point  set,  to  a  point  Z>,  and  bring  the  line  of  sight 
to  this  position  by  moving  the  reticule  laterally.  This  movement 
of  the  reticule  is  direct  in  an  erecting  instrument  and  reversed  in 
an  inverting  instrument.  The  adjustment  should  be  repeated 
as  a  check. 


a' 

Fig.  43. — Collimalion  Adjustment. 

75.  Third.  The  Standard  Adjustment.  To  make  the 
horizontal  axis  of  the  telescope  perpendicular  to  the  vertical  axis 
of  the  instrument.  (See  Fig.  44.)  With  the  transit  levelled  sight 
on  some  high  point,  as  a  steeple  5,  lower  the  telescope  and  set 
a  point  R  below  S  on  about  the  level  of  the  transit.  Reverse  the 
telescope  and  turn  the  transit  upon  its  vertical  axis  and  again 
sight  at  S.  Again  lower  the  telescope  and  set  a  point  L  opposite 
R,  A  point  S'  midway  between  L  and  R  must  be  in  the  same  verti- 
cal plane  with  S,  Now  loosen  the  screws  in  the  pivot  cap  and 
raise  or  lower  the  adjustable  end  of  the  horizontal  axis,  by  means 
of  the  capstan-headed  screws,  under  the  one  end  of  the  axis. 
The  high  end  of  the  axis  is  always  on  the  same  side  as  the  last 
pojpt  set. 
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If  this  side  of  axis  is  not  adjustable  the  other  end  can  be 
raised  instead.  The  test  should  be  repeated  until  the  line  of 
sight  coincides  with  SS\  Care  should  be  taken  to  leave  the 
cap  screws  tight  enough  to  insure  that  the  axis  rests  oh  its 
bearing,  but  not  tight  enough  to  cause  friction  in  turning  the  axis. 
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Fig.  44. 

76.  Fourth.  Telescope  Bubble  Adjustment.  To  make  the  axis 
of  the  telescope  bubble  parallel  to  the  line  of  sight.  This  adjustment 
is  performed  by  means  of  the  "  peg  adjustment,"  as  described 
in  Art.  45.  This  consists  in  first  determining  a  level  line  and 
then  correcting  the  level  tube  so  that  the  bubble  is  in  the  cei\^e 


ADJUSTMENT,  USE,  AND  CARE  OF  INSTRUMENTS         79 


at  the  same  time  as  the  telescope  is  horizontal,  as  determined 
by  this  level  line.  With  a  sensitive  bubble^  very  good  levels 
can  be  run  with  a  transit. 

77.  Fifth.  Vertical  Circle  Adjustment.  To  make  the 
vernier  read  zero  when  the  line  of  sight  is  horizontal.  The  fourth 
adjustment  having  been  first  made,  bring  the  telescope  bubble 
to  the  centre.  If  the  vertical  circle  does  not  now  read  zero  loosen 
the  screws  holding  the  vernier  and  shift  same  until  the  zeros 
do  coincide.  Tighten  the  screws,  taking  care  that  the  vernier 
neither  rubs  on  the  vertical  circle,  nor  is  at  a  perceptible  distance 
away  from  it.  The  most  improved  transits  provide  a  slow- 
motion  screw  for  making  this  adjustment. 

78.  Object  Slide  Adjustment.  In  addition  to  the  above 
adjustments,  provision  of  some  kind  should  be  made  for  making 
the  object  glass  move,  when  focussed,  in  a  right  line  perpen- 
dicular to  the  horizontal  axis.  This  is  sometimes  accomplished 
by  making  the  telescope  work  through  a  ring  which  can  be 
adjusted  like  the  ring  carrying  the  cross-wires.  One  way  of 
adjusting  the  slide  is  as  follows:  After  adjusting  the  line  of  sight 
as  in  Art.  74,  using  long  sights,  repeat  the  operation,  using  very 
short  sights,  the  first  requiring  the  telescope  drawn  well  in,  the 
second  requiring  the  telescope  run  out.  If  the  slide  is  out  of 
adjustment  the  line  of  sight  in  the  second  test  will  not  be  in 
adjustment.  In  this  case  move  the  adjusting  screws  of  the 
objective  slide  so  as  to  apparently  increase  the  error  by  one- 
quarter  the  error  found. 

Most  makers  make  this  adjustment  permanently.  In  the 
higher  grades  of  instrument  the  whole  slide  except  the  middle 
thfa-d  is  made  to  fit  the  inside  of  the  telescope  tube,  a  condition 
requiring  considerable  skill. 

79*  Relative  Importance  of  the  Adjustments.  The  first 
adjustment  is  important  in  all  horizontal  and  vertical  angular 

*The  writer  suggests  a  sensibility  of  bubble  which  corresponds  to  po-inch  = 
12  to  15  seconds.  This  requires  a  finer  tangent  screw  than  usually  furnished. 
$cc  Appendix  F  for  Specifications  of  a  Transit. 
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measurements.  In  measuring  vertical  angles  the  error  may  be 
the  full  amount  of  the  deviation  of  the  vertical  axis  from  the 
vertical,  and  in  measuring  horizontal  angles  something  very 
much  less  than  this. 

The  second  adjustment  is  more  important  in  the  running  of 
a  straight  line  by  revolving  the  telescope  than  in  any  other  kind 
of  work,  for  here  the  error  in  the  continuation  of  the  line  is 
twice  the  error  of  adjustment.  It  is  also  important  in  measur- 
ing horizontal  angles  between  ix)ints  not  in  the  same  horizontal 
plane. 

The  third  adjustment  is  most  important  in  the  measure- 
ment of  horizontal  angles  between  points  not  in  the  same  hori- 
zontal plane,  as  in  the  determination  of  the  azimuth  of  a  line 
by  an  observation  on  a  circumpolar  star. 

The  fourth  and  fifth  adjustments  are  important  only  in 
levelling  operations,  either  by  reading  the  vertical  angle  or  by 
the  use  of  the  bubble.  A  proper  programme  of  observation  will 
eliminate  all  the  errors  of  adjustment. 

Instrumental  Conditions  Affecting  the  Accurate 
Measurement  of  the  Horizontal  Angles  ^ 

80.  Eccentricity.  This  is  of  two  kinds:  (i)  eccentricity  of 
centres,  and  (2)  eccentricity  of  verniers.  If  the  axis  of  the  con- 
ical outer  socket  C,  Fig.  19,  is  not  exactly  in  the  centre  of  the 
graduated  limb  i?,  then  when  the  telescope  with  the  vernier 
plates  V  are  revolved  in  this  socket,  the  verniers  will  have  an 
eccentric  motion  with  reference  to  the  graduated  limb.  If  the 
line  joining  the  zeros  of  the  verniers  passes  through  the  axis 
of  the  socket,  it  is  evident  that   there   is  but  one   position  of 


*  For  extended  discussions  of  this  suhjcd,  see  Bauernfeind's  '* Vermessungs- 
kunde,"  §  144,  vol.  i.,  and  Jordan's  "Ilandhuth  der  Vermessungskunde,"  §  88, 
vol.  i.  Also  translations  from  these,  by  Prof,  Eisenmann,  in  Jour.  Asso.  Eng. 
Soc,  Vol.  IV,  p.  196. 
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these  verniers  which  will  give  readings  on  the  limb  i8o°  apart, 
and  that  is  when  both  centres  lie  in  this  diametral  line.  For 
all  other  positions  of  the  verniers,  one  of  them  will  read  as 
much  too  large  as  the  other  does  too  small;  so  that  if  the  mean 
of  the  two  vernier  readings  be  taken,  this  error  from  eccentric- 
ity would  be  eliminated. 

Eccentricity  of  verniers  is  due  to  their  zeros  not  falling  on 
a  diametral  line  through  the  axis  of  the  spindle;  in  other 
words,  they  are  not  i8o°  apart.  This  involves  no  error  in 
measuring  horizontal  angles.  It  is  convenient,  however,  to 
have  the  verniers  read  exactly  j8o°  apart.  In, any  case,  read- 
mg  of  both  verniers  and  taking  the  mean  eliminates  all  errors 
from  eccentricity.  An  eccentricity  of  Centres  of  one  one-thou- 
sandth of  an  inch  would  cause  a  maximum  error  of  i'  08''  on  a 
six-inch  circle  if  but  one  vernier  were  read.  It  is  not  unusual 
for  an  instrument  to  have  an  eccentricity  of  centres  of  several 
times  this  amoimt,  either  from  wear  of  from  faulty  construction, 
or  both.  The  necessity  for  readmg  both  verniers  in  all  good 
work  is  therefore  apparent. 

81.  Inclination  of  Vertical  Axis.  The  horizontal  angle 
between  points  at  different  elevations  is  obtained  by  measuring 
the  horizontal  angle  subtended  by  two  vertical  planes  passing 
through  these  points  and  the  point  of  observation.  These 
vertical  planes  are  the  planes  described  by  the  line  of  sight  as 
the  telescope  is  revolved.  By  this  means  the  points  may  be 
said  to  be  projected  vertically  on  the  horizontal  plane  and 
then  the  angle  measured.  If  the  vertical  axis  of  the  instru- 
ment is  somewhat  inclined,  these  projecting  planes  are  not  ver- 
tical, neither  do  they  have  the  same  inclination  to  the  horizon 
on  different  parts  of  the  limb.  The  projecting  planes  through 
two  jx)ints  will  therefore  neither  be  vertical  nor  equally  in 
dined  to  the  horizon.  The  measured  horizontal  angle  thus 
obtained  will  therefore  be  in  error.  The  vertical  axis  is  always 
inclined  when  the  plate  bubbles  are  not  in  adjustment  or  when 
they  do  not  show  a  level  position. 
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If  the  axis  be  inclined  5'  from  the  vertical,  and  readings  be 
taken  on  points  60°  apart,  one  being  10*^  above  and  the  other 
10°  below  the  horizon,  the  maximum  error  from  this  source 
would  be  about  i\  If  the  inclination  in  this  case  were  1°,  the 
maximum  error  would  be  18'.  This  shows  the  importance  of 
keeping  the  plate  levels  in  adjustment  and  of  watching  them  during 
the  progress  of  the  work  to  see  that  they  remain  in  the  centre. 

82.  Inclination  of  Horizontal  Axis  of  Telescope.  This 
causes  the  plane  generated  by  the  line  of  sight  to  be  inclined 
from  the  vertical  as  much  as  the  axis  of  revolution  is  from  the 
horizontal.  The  projecting  planes  are  therefore  all  equally 
inclined,  and  the  resulting  error  in  horizontal  angle  is  a  func- 
tion of  the  difference  of  elevation  of  the  two  points.  If  one 
one  point  is  10^  above  and  the  other  10°  below  the  horizon, 
and  if  the  inclination  of  the  axis  is  5',  the  resulting  error  in 
the  measurement  of  the  horizontal  angle  is  i'  45''.  This  error 
is  not  a  function  of  the  size  of  the  horizontal  angle,  and  would 
be  the  same  for  two  points  in  the  same  vertical  plane,  the 
instrument  indicating  a  horizontal  angle  of  i'  45"  between  them 
for  the  case  here  chosen.  In  making  the  adjustment  of  the 
horizontal  axis  by  means  of  the  plumb-line,  if  the  line  be  15 
feet  distant  and  suspended  15  feet  above  the  instrument,  then 
the  pointing  to  the  top  will  have  an  altitude  of  45°.  In  this 
case  the  angular  error  made  in  bisecting  the  plumb-line  will  be 
the  angular  divergence  of  the  axis  of  rotation  from  the  hori- 
zontal. If  the  combined  error  of  the  two  bisections  be  0.05  in., 
the  angular  error  in  the  adjustment  will  be  i'.  The  adjust- 
ment may  readily  be  made  closer  than  this. 

Errors  from  this  source  are  eliminated  by  revolving  the  tele- 
scope and  reading  the  same  angle  in  the  reversed  position.  The 
mean  of  the  two  values  will  be  independent  of  this  error.  If 
many  measurements  are  made  of  one  angle,  there  should  be 
an  equal  number  with  telescope  direct  and  reversed.^ 

» The  student  should  show  by  a  figure  how  this  elimination  is  effected  by  the 
reversal  of  the  telescope. 


ADJUSTMENT,  USE,  AND  CARE  OP  INSTRUMENTS         83 

83.  The  Line  of  Sight  not  being  Perpendicular  to  the 
Horizontal  Axis.  This  causes  the  projecting  planes  to  be 
conical  surfaces,  which  become  vertical  on  the  horizon.  Since 
the  error  of  collimation  is  necessarily  a  small  angle,  thus  causing 
the  conical  surface  to  be  very  nearly  a  plane,  and  since  this  sur- 
face is  vertical  on  the  horizon,  the  resulting  error  in  measuring 
horizontal  angles  is  very  small  unless  the  difference  in  the  ele- 
vations of  the  points  is  very  great.  If  the  points  are  distant, 
as  they  always  are  in  the  accurate  measurement  of  horizontal 
angles,  then  their  angular  elevation  is  necessarily  small,  to  that 
this  source  of  error  is  insignificant  in  this  kind  of  work.  When 
straight  lines  are  projlonged  by  reversing  the  telescope,  however, 
this  adjustment  becomes  very  important,  for  the  error  then  enters 
the  work  with  twice  its  angular  amount.  It  is  eliminated  by 
revolving  the  alidade  until  the  line  of  sight,  with  telescope 
reversed,  falls  again  on  the  rear  point,  and  again  revolving  the 
telescope.  The  point  now  falls  as  far  on  one  side  of  the  true 
position  as  it  before  did  on  the  other.  The  middle  point  lies 
therefore  in  the  line  prolonged. 

Lei  the  student  illustrate  by  diagram. 

The  Use  of  the  Transit 

84.  Setting  Up  the  Transit.  Time  can  be  saved  if  the 
foDowing  suggestions  are  followed  in  setting  up  a  transit  or  level. 
Place  one  leg  of  the  tripod  in  nearly  the  right  position  on  the 
ground  and  holding  the  other  two  move  the  mstrument  in  a  way 
to  bring  the  blumb-bob  over  the  point  and  at  the  same  time 
keeping  the  levelling  head  approximately  level.  The  latter  con- 
dition can  be  estimated  easily  by  sighting  along  the  top  of  the 
base  at  the  line  of  the  distant  horizon.  Steadiness  and  rigidity 
can  be  obtained  only  by  spreading  the  tripod  sufficiently,  by 
pressing  the  tripod  shoes  well  into  the  earth,  and  by  tightening 
the  wing  nuts  at  the  top  of  the  tripod  legs  until  they  can  barely 
sustain  their  own  weight  when  raised  from  the  ground.     When 
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too  tight  as  unstable  a  condition  results  as  when  they  are  too 
loose.  If  it  is  found  that  the  circles  and  levelling  base  are  not 
approximately  level,  when  the  beginner  has  succeeded  in  getting 
the  plumb-bob  over  the  point  the  trouble  can  generally  be 
overcome  by  moving  one  of  the  tripod  legs  in  the  arc  of  a 
circle. 

If  the  plumb-bob  is  now  within  \  inch  of  the  exact  px)int, 
the  remaining  error  can  be  overcome  by  loosening  any  two 
adjacent  screws  and  moving  the  instrument  on  the  shifting  plate. 
In  the  final  levelling  up  of  the  plates  each  plate  bubble  should 
be  brought  parallel  to  one  pair  of  opposite  screws.  To  level 
the  bubbles  grasp  a  pair  of  opposite  screws  between  the  fore- 
fingers and  thumbs  and  turn  the  screws  so  that  the  thumbs 
move  either  toward  each  other  or  away  from  each  other.  This 
insures  that  one  screw  will  tighten  as  fast  as  the  opposing  one 
loosens. 

As  the  levelling  may  have  disturbed  the  plumb-bob  it  should 
be  re-examined  for  centering.  The  beginner  should  practice 
setting  up  the  instrument  both  on  the  level  and  on  side  hQl,  untU 
the  operation  is  thoroughly  mastered. 

85.  To  Measure  a  Horizontal  Angle.  Having  centred 
the  transit  over  the  vertex  of  the  angle  set  the  zero  of  one  of  the 
verniers  opposite  the  zero  of  the  circle,  using  the  upper  clamp 
and  tangent  screw  to  bring  the  zeros  into  exact  coincidence. 
It  has  been  found  to  give  better  results  if  the  tangent  screw  is 
moved  so  as  to  compress  the  spring  against  which  it  works. 
Then  turn  the  plates  about  the  lower  motion  until  the  vertical 
wire  nearly  bisects  one  of  the  points,  say  the  left-hand  one,  when 
the  lower  motion  is  clamped  and  an  exact  bisection  is  made  by 
using  the  lower  tangent  screw.  The  upper  clamp  is  now  loosened 
and  the  alidade  turned,  by  the  upper  moiiofty  upon  the  right-hand 
point.  Then  by  use  of  the  upper  clamp  and  slow-motion 
screw,  the  vertical  wire  is  made  to  bisect  this  point.  The 
reading  of  the  vernier  first  set  on  zero  will  now  give  the  angle 
required. 
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86.  To  Measure  an  Angle  by  Repetition.  In  the  work 
described  in  article  no  errors  will  appear  in  the  result,  because 
of  the  accidental  errors  in  pomting  the  telescope  and  in  reading 
the  vernier.  A  more  accurate  result,  due  to  the  balancing  of 
errors,  can  be  obtained  by  repeating  the  angle  by  the  following 
programme :  After  the  first  measurement  of  the  angle  has  been 
obtained,  leaving  the  two  plates  clamped  together,  loosen  the 
lautr  clamp  and  turn  by  the  lower  motion  on  the  first  or  left- 
hand  point.  By  means  of  the  lower  clamp  and  slow-motion 
screw  make  the  pointing  exact.  Then  loosen  the  upper  clamp 
and  set  on  the  second  or  right-hand  point,  thus  adding  another 
angle  to  the  first  onto  the  circle.  If  the  angle  be  added  on  the 
circle  three  times  with  the  telescope  direct  and  then  three  times 
more  with  the  telescope  reversed,  a  very  reliable  value  for  the 
angle  will  be  obtained  by  dividing  the  total  angle  by  the  number 
of  repetitions..  The  reversing  of  the  telescope  eliminates  all 
error  due  to  lack  of  adjustment.  It  has  been  found  that  in- 
creasing the  speed  of  the  work  decreases  the  errors  of  the  work. 
This  method  is  discussed  more  at  length  in  Geodetic  Surveying 
Art.  437. 

87.  To  Lay  oflE  a  Given  Angle  by  Repetition.  It  is  some- 
times necessary  to  lay  off  an  angle  very  exactly,  e.g.,  the  locating 
of  bridge  piers,  when  the  following  method  may  be  used.  With 
the  verniers  reading  zero  set  the  telescope  by  the  lower  motion 
on  the  known  leg  of  the  angle.  Then  loosen  the  upper  motion 
and  turn  oCF  the  required  angle  as  near  as  the  verniers  will 
determine,  placing  a  target  on  the  line  so  determined.  The  angle 
between  the  target  and  the  given  line  can  then  be  accurately 
measured  as  in  Art.  86.  The  difference  between  this  result 
and  the  angle  that  was  to  be  turned  is  the  angular  error 
of  the  target.  If  the  distance  from  the  instrument  to  the 
target  be  now  approximately  determined,  its  product  with 
the  tangent  of  the  angle  of  error  gives  the  corresponding  linear 
error  to  be  measured  on  the  target  at  right  angles  to  the  line  of 
sight. 
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88.  To  Run  a  Straight  Line:  Terminals  not  Inter- 
visible.  In  such  a  case  a  random  line  can  be  run  between 
the  points,  the  error  of  closing  noted  and  a  corrected  line  run 
back  as  explained  in  Art.  89.     Otherwise  if  both  points  can  be 

seen  from  some  intermediate  point,  the  following 
method  could  be  used.  Set  up  the  transit  at  the 
intermediate  point  as  near  the  line  as  can  be 
estimated  and  a  back  sight  on  one  of  the  points 
made  and  the  transit  clamped.  The  telescope 
is  next  reversed  on  its  horizontal  axis.  If  in  so 
doing  the  vertical  cross-wire  strikes  the  second 
point  the  transit  is  in  line  (provided  it  is  in 
perfect  adjustment).  If  not  the  error  in  the 
position  of  the  instrument  is  estimated  and  a 
second  trial  made  and  the  process  repeated  until 
the  correct  point  is  found.  The  final  tests  must 
be  made  with  the  telescope  in  both  direct  and 
reversed  position,  in  order  to  eliminate  the  errors 
of  adjustment. 

89.  To  Prolong  a  Straight  Line.  Wher- 
ever it  is  possible,  a  more  accurate  alignment 
will  be  secured  by  setting  points  on  a  constant 
fore  sight  instead  of  running  from  a  back  sight. 
Thus  to  stake  out  the  line  AX,  set  instrument 
at  A  and  with  X,  the  other  terminus,  as  a  fore 
sight,  set  B  in  line  (Fig.  45).  This  can  be  re- 
peated as  long  as  the  point  X  can  be.  seen.  But 
if  X  cannot  be  seen  beyond  B  the  line  may  be 
prolonged  by  the  back-sight  method  as  follows: 
With  transit  centred  and  levelled  over  B  set 
the  line  of  sight  on  A;  transit  the  telescope  and  set  C 
beyond  B,  Next  revolve  the  alidade  about  the  vertical 
axis  and  set  the  line  of  sight  again  on  A ;  transit  the  telescope 
again  and  set  C"  opposite  C  If  the  transit  be  in  perfect 
adjustment  C  and  C"  will  coincide.      In   any  case  C,  a  point 
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Fig.   45. 

To  Prolong  a 
Straight  Line. 
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midway  between  C  and  C  will  be  on  the  prolongation  of  the 
required  line.  The  line  can  be  continued  by  this  method  for 
any  distance.  It  will  be  noted,  however,  that  with  this  method 
the  errors  in  alignment  accumulate. 

90.  To  Measure  a  Vertical  Angle.  By  a  vertical  angle  is 
meant  the  angle  of  depression  below,  or  of  elevation  above,. the 
horizon.    To  measure  a  vertical  angle  clamp  the  horizontal  axis 

.with  the  object  near  the  horizontal  cross-wire,  bringing  it  into 
exact  coincidence  with  the  slow-motion  screw  controlling  the 
vertical  motion.  Then  read  the  proper  vernier  on  the  vertical 
circle.  If  the  telescope  be  now  levelled  and  the  vertical  circle 
again  read,  it  will  give  the  index  error  of  the  circle.  The  correct 
vertical  angle  may  be  obtained  by  subtracting  (algebraically) 
such  index  error  from  the  vertical  angle.  Otherwise  the  index 
error  can  be  corrected  by  adjustment.  See  Art.  77.  In  some 
transits  the  vernier  is  placed  on  a  separate  standard  carrying 
also  a  level-vial.  By  bringing  this  bubble  to  the  centre  of  its 
tube,  by  means  of  its  tangent  screw,  each  time  a  reading  is  made, 
the  index  error  is  reduced  to  zero.  If  the  transit  is  provided 
with  a  complete  vertical  circle  the  vertical  angle  may  also  be 
read  with  the  telescope  reversed.  The  average  of  both  vertical 
angles  will  then  give  tiie  true  angle. 

91.  To  Run  a  Traverse.  A  traverse  in  surveying  consists 
in  a  series  of  consecutive  courses  whose  lengths  and  bearings  or 
azimuths  have  been  determened.  A  line  has  a  forward  and  a 
back  azimuth,  corresponding  to  its  two  directions.  Thus  the 
forward  azimuth  of  the  line  AB  is  the  horizontal  angle  at  A 
between  the  meridian  ^  passing  through  A  and  the  line  AB,  always 
measuring  such  angle  clockwise.  The  back  azimuth  of  the  same 
line  is  the  angle  at  B  between  the  meridian  and  the  line  BA, 
measuring  as  before  in  a  clockwise  direction. 


*  In  this  treatise  azimuth  is  always  reckoned  from  the  south  point  in  the 
directbn  S.  W.  N.  E.  to  360°.  The  bearing  of  the  Hne  is  thus  given  by  its  numer- 
ical value  alone,  without  the  aid  of  letters. 
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The  field  work  proceeds  as  follows:  The  transit  is  set  up 
at  A  and  the  known  azimuth  laid  off  on  vernier  A.  With 
this  reading  the  telescope  is  directed  by  the  lower  motion  at  the 
object  whose  azimuth  is  given  and  the  instrument  clamped. 
This  orients  the  transit,  i.e.,  places  the  zero  circle  reading  in 
the  meridian.  The  transit  alidade  is  now  undamped,  and  the 
telescope  turned  by  the  upper  motion  until  the  vertical  wire 
coincides  with  the  forward  point  J5.  The  reading  on  vernier 
A   (260°)  now  gives  the  forward  azimuth  of  the  line  AB.     To 


Fig.  46. — To  run  an  Azimuth  Traverse. 

find  the  back  azimuth  move  the  transit  to  B  and  set  the  A 
vernier  to  read  what  the  B  vernier  read  at  station  A,  viz.,  80°. 
By  the  lower  motion  set  the  telescope  on  station  A  and  clamp 
the  lower  motion.  This  orients  the  transit  again.  In  this  way 
a  traverse  may  be  run  with  the  transit,  the  field  notes  showing 
both  forward  and  back  azimuth  of  every  course.^ 

The  telescope  should  never  be  reversed  in  such  work,  as  errors 


*  For  a  method  of  computing  the  co-ordinates  of  the  courses,  and  the  use  of  the 
traverse  table,  see  chapter  on  Land  Surveying  (Arts.  225-228). 
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in  adjustment  are  likely   to  creep  in.      The  distances   may  be 
gotten  by  chaining  or  by  stadia.     See  Arts.  211  and  212. 

92.  Targets  Used  in  Lining.  The  shorter  the  distance 
the  smaller  should  be  the  target.  Thus  a  pencil  may  be  used 
with  distances  of  less  than  200  feet.  A  properly  painted  pole 
i\  inches  in  diameter  may  be  used  up  to  a  quarter  of  mile  or 
more.  An  effort  should  always  be  made  to  point  as  near  the 
bottom  of  the  rod  as  possible.  For  long  distances  a  kite-shaped 
target  of  white  cloth  may  be  fastened  with,  one  diagonal  coinciding 
with  the  transit  pole. 

93,  Field  Signals.  Signals  are  generally  less  likely  to  be 
misunderstood  than  spoken  orders.  The  more  common  ones 
are  the  following: 

"Right"  or  "Left."  The  hand  is  extended  in  the  direction 
required,  moving  slowly  for  long  distances  and  fast  for  short 
distances. 

"All  right."  Both  hands  are  extended  horizontally  and 
moved  vertically. 

"Plumb  the  pole."  The  arm  is  extended  above  the  head 
and  moved  slowly  in  a  direction  to  plumb  the  pole. 

"Give  a  fore  sight."  The  transitman  desiring  a  fore  sight 
motions  to  the  rodman  by  holding  one  arm  vertically  above  his 
head. 

"Turning  point."  If  the  transitman  desires  that  the  fore 
sight  shall  also  be  a  turning  point  he  whirls  his  handkerchief 
in  a  circle. 

"Give  line."  When  the  rodman  desires  to  be  placed  **on 
line"  he  holds  his  transit  pole  horizontally  with  both  hands  over 
his  head  and  then  places  the  rod  vertically.  If  this  is  to  be  also 
a  turning  point  he  waves  the  top  of  the  rod  in  a  circle  before 
bringing  same  to  a  vertical  position.  For  long  distances  flags 
are  attached  to  the  transit  poles. 
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The  Gradienter  Attachment 

94.  The  Gradienter  is  a  tangent  screw  with  a  micrometer 
head  attached  to  the  horizontal  axis  of  the  telescope  for  the 
purpose  of  turning  off  vertical   angles   that  are  expressed    in 
terms  of  its  tangent  as  so  many  feet  to  the  hundred.     Such  a 
device  is  shown  in  Fig.  29.    In  railroad  work  the  grade  or  slope 
is  expressed  in  this  manner,  as  26.4  feet  per  mile,  or  as  0.5  foot 
per  100  feet.    The  micrometer  head  is  graduated  so  that  one 
revolution  raises  or  lowers  the  telescope  by  i  foot  or  0.5  foot 
in  100  feet.     It  is  divided  into  100  or   50  parts,  so  that  each 
division  on  the  head  is  equivalent  to  o.oi  foot  in  100  feet.     This 
attachment  is  found  very  convenient  in   railroad  work.    It  is 
also  of  general  utility  in  obtaining  approximate  distances.     On 
level    ground   the  distance  is    read    directly,  but    on    sloping 
ground  the  rod  is  still  held  vertical,  and  the  distance  read  is  too 
great.    The  true  horizontal  distance  may  be  found  by  multiply- 
ing the   distance   read   by  the  factors  for   horizontal  distance 
given  in  table  V.^    Thus,  if  one  revolution  of  the  screw   raises 
the  line  of  sight  i  foot  at  a  distance  of  100  feet,  and  if  at  a  cer- 
tain unknown  distance  one  revolution  of  screw  caused  the  line 
to  pass  over  5.5  feet  on  the  rod,  then  the  distance  was  550  feet 
if  the  ground  was  horizontal.    If  the  rod  readings  had  a  mean 
vertical  angle  of  15°,  the  horizontal   distance  was  550X93.3  = 
513  feet. 

Care  of  the  Transit 

• 

95,  The  Transit  should  be  protected  from  rain  and  dust 
as  much  as  possible.  A  silk  gossamer  waterproof  bag  should 
be  carried  by  the  observer  to  be  used  for  this  purpose.  If  water 
gets  inside  the  telescope,  remove  the  eye-piece  and  let  it  dry 
out.    If  moisture  collects  between  the  two  parts  of  the  objec- 

*  This  table  is  for  reduction  of  stadia  measurements,  and  is  explained  in  the 
chapter  on  Topographical  Surveying,  Art.  219. 
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tive,  unscrew  it,  and  dry  it  with  a  gentle  heat  over  a  stove  or 
lamp,  but  do  not  se parole  the  glasses.    If  dust  settles  on  the  wires 
it  may  be  blown  off  by  removing  both  objective  and  eye-piece 
and  blowing  gently  through  the  tube.     Dust  should  be  removed 
from  the  glasses  by  a  camelhair  brush,   which   should  always 
be  carried  for  the  purpose.     A  clean  handkerchief  may  be  used 
with  a  gentle  pressure  to  prevent  scratching  in  case  the  dust  is 
gritt}\    Use  alcohol  for  cleansing  greasy  or  badly  soiled  glasses. 
No  part  exposed  to  dust  should  be  oiled,  as  this  serves  to  retain 
all  the  dust  that  may  fall  on  it.    The  centres  should  be  cleaned 
occasionally  with  chamois  skin,  and  oiled  with  a  very  little  pure 
watch-oU.     In  the  absence  of  watch-oil  plumbago  will  be  found 
to  ser\'e.      A  soft  leadpencil  may  be  scraped  and  a  little  rubbed 
on  the  spindles  with  the  finger.     The  tripod  legs  should  have 
no  k)st  motion  either  at  the  head  or  in  their  iron  shoes.     If  the 
legs  are  split,  as  in  Fig.  30,  and  fastened  by  thumb-nuts,  these 
should  be  loosened  when  the  instrument  is  carried  and  tight- 
ened again  after  setting.     For  a  method  of  putting  in  new  cross- 
wires  see  chapter  on  Topographical  Surveying,  Art.  221. 

The  Solar  Attachment 

96.  Description  of  the  Solar  Attachment.  This  is  a 
doice  which  can  be  fastened  to  the  telescope  of  an  engineer's 
transit.  By  means  of  observations  on  the  sun  with  it,  the  true 
meridian  can  be  determined.  One  of  the  most  common  forms 
known  as  the  Saegmuller  attachment  is  shown  in  Figs.  47  and 
48.  This  device  has  two  essential  parts,  first  a  polar  axis,  which 
is  so  attached  to  the  transit  telescope  as  to  be  perpendicular 
to  its  horizontal  axis  and  line  of  sight,  and  second  a  small  tele- 
scope which  can  revolve  about  this  polar  axis  as  well  as  on  its 
own  horizontal  axis.  A  level  vial  is  also  attached  to  the  auxil- 
iar\'  telescope. 

In  another  form  of  the  attachment  shown  in  Fig.  49,  a 
lens  and  screen  on  whicli  the  sun's  image  can  be  thrown,  replace 
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the  telescopic  line  of  sight.  This  form  also  has  an  auxiliary 
vertical  arc  on  which  the  declination  can  be  laid  ofT,  All  the 
various  solar  attachments  work  on  the  similar  general  principles. 


Fig.  47. — Saegmuller  Solar  Allachment. 

97.  The  Celestial  Sphere.  A  few  astronomical  terms  must 
first  be  explained  before  the  theory  of  the  attachment  can  be 
understood.  The  celestial  sphere  is  the  one  upon  which  the  sun 
and  other  stars  are  seen  projected.  Fig.  50  represents  that  half 
of  the  celestial  sphere  which  is  visible  at  any  one  time.  In  the 
present  problem  it  is  sufficient  to  regard  the  centre  of  the  earth 
as  the  centre  also  of  the  celestial  sphere  (whose  radius  b  the 
distance  of  the  sun  from  the  earth).  The  circle  NHS'  is  the 
observer's  celestial  horizon.  The  point  Z  is  the  plane  of  the 
observer's  zenith,  the  point  where  the  plumb-line  produced 
upward  pierces  the  celestial  sphere.  The  c'lTclt:  S'ZPN  is  the 
observer's  meridian,  being  a  vertical  plane  through  the  north 
|X)le.  EQW  is  the  plane  of  the  earth's  equator  produced  until 
it  intersects  the  celestial  sphere,  i.e.,  the  celestial  equator.  The 
circle  LSR  is  the  circle  cut  from  the  celestial  sphere  by  a  plane 
parallel  to  the  celestial  equator.  If  tliis  circle  be  at  the  same 
angular  distance  from  the  cfjuator  as  the  sun  the  angle  SQ  meas- 
ures the  declination  of  the  sun  and  the  circle  LSR  represents 
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Fig.  48. — Manner  of  Mounting  Solar  Attachment. 
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F:r,.  41).— Graphk-  Illusitaiion  of  Ihe  Solar  Apparalus  (Ciurlty). 
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the  sun's  path.  The  sun's  declination  then  is  deilneJ  as  its 
angular  distance  from  the  equator,  being  considered  positive 
when  north  and  negative  when  south.  The  polar  distance  of 
the  sun  is  obviously  the  complement  of  the  declination,  shown 


in  the  figure  SP. 


Fig.  50. 

98.  Observations  on  the  Sun  for  the  Meridian  with 
Solar  Attachment.  It  will  be  seen  from  Fig.  51  that  if  the 
polar  axis  is  made  parallel  to  the  earth's  axis  the  large  telescope 
will  be  parallel  to  the  celestial  equator.  If  the  solar  telescope 
be  now  inclined  to  the  large  telescope  by  an  angle  equal  in  amount 
and  sign  to  the  declination  of  the  sun  for  the  day,  then  the  small 
telescope  can  be  made  to  follow  the  sun  in  its  daily  path,  by 
simply  turning  it  upon  the  polar  axis. 

To  lay  off  the  declination  of  the  sun,  first  put  both  telescopes 
in  the  same  vertical  plane  by  sighting  both  on  the  same  distant 
object  and  clamp  the  solar  telescope.  Next  turn  the  large  tele- 
scope down  or  up,  according  as  the  declination  of  the  sun  is 
north  or  south  until  the  vertical  circle  reads  the  amount  of  the 
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declination.  Then  turn  the  solar  telescope  on  its  horizofital 
axis  until  the  bubble  of  its  attached  level  comes  to  the  centre  of 
its  tube.  The  angle  now  formed  by  the  two  telescopic  lines  of 
sight  is  the  declination  angle. 

99,  To  Lay  oflE  the  Co-latitude,  incline  the  large  telescope 
upward  until  the  vertical  circle  reads  the  co-latitude.  For  reason 
see  Fig.  51.  The  instrument  is  now  ready  for  a  determination 
of  the  meridian.     The  circle  being  set  at  o,  the  instrument  can 
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Fig.  51. — Solar  Attachment  Oriented  for  Determining  the  Meridian. 


be  put  approximately  in  position  ^  by  using  the  magnetic  needle 
to  turn  the  object  end  of  the  large  telescope  to  the  south  point. 
Keeping  the  solar  telescope  carefully  clamped  on  its  horizontal 
axis  it  is  turned  on  its  polar  axis  toward  the  sun.  If  the  first 
trial  was  nearly  correct  the  sun's  image  will  be  seen  in  the  field 
of  the  solar  telescope.     If  so,  with  the  lower  motion  of  the  large 


*  This  requires  only  that  the  magnetic  declination  be  known  approximately, 
say  as  near  as  it  could  be  taken  from  an  isogonic  chart. 
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telescope  clamped,  the  whole  instrument  is  turned  on  its  vertical 
axis  by  the  use  of  the  lower  tangent  screw,  until  the  image  of 
the  sim  in  the  solar  telescope  is  brought  to  the  centre  of  the  square 
formed  by  the  four  cross-wires.  The  large  telescope  is  now  on 
the  meridian,  because  it  is  only  in  this  position  that  the  sun  can 
be  seen  at  the  cross-wires.  In  this  position  the  vertical  axis  points 
to  the  zenith,  the  polar  axis  to  the  pole,  the  large  telescope  parallel 
to  the  equator  and  the  solar  telescope  to  the  sun.  The  instru- 
ment in  fact  has  solved  mechanically  the  spherical  trian^e  whose 
vertices  are  ZPS,  Fig.  50.  The  meridian  can  now  be  marked 
by  unclamping  the  horizontal  axis  and  driving  a  stake  in  line, 
or  the  true  azimuth  to  any  object  to  which  the  large  telescope  is 
now  directed  may  be  read  directly  on  the  vernier. 

100.  Adjustments  of  the  SaegmuUer  Attachment.  First. 
All  the  adjustments  of  the  traijsit  must  be  as  perfect  as  possible, 
but  especially  the  plate  and  telescope  bubbles,  the  vernier  of 
the  vertical  circle,  and  the  transverse  axis  of  the  telescope. 

Second.  Polar  Axis  Adjustment.  To  make  the  Polar  Axis 
Perpendicular  to  the  Plane  of  the  Line  of  Collimation  and  Hori- 
zontal Axis  of  the  Main  Telescope.  Carefully  level  the  instru- 
ment and  bring  the  telescope  bubble  to  the  middle  of  its  tube. 
The  line  of  sight  and  horizontal  axis  of  this  telescope  should  now 
be  horizontal,  so  that  the  polar  axis  is  to  be  made  vertical.  To 
test  this,  revolve  the  auxiliary  telescope  about  the  polar  axis, 
and  see  if  the  bubble  on  the  small  telescope  maintains  a  constant 
position.  K  not,  corre(:t  half  the  movement  by  means  of  the 
adjusting  screws  at  the  base  of  the  small  disk,  and  the  other 
half  by  revolving  the  auxiliary  telescope.  Repeat  over  the  other 
set  Tof  screws.  These  adjusting-screws  are  exacdy  analogous  to 
the  levelling-screws  of  the  main  instrument. 

Third.  Cross-wire  Adjustment.  To  make  the  Line  of  Sight 
of  the  Small  Telescope  Parallel  to  the  Axis  of  its  Attached  Bubble. 
Make  the  large  telescope  horizontal  by  bringing  its  attached 
bubble  to  the  middle  of  its  tube.  Bring  the  small  telescope  in 
the  same  plane  and  make  it  also  horizontal  by  means  of  its  bub- 
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ble,  clamping  its  vertical  motion.  Measure  the  vertical  distance 
between  the  axes  of  the  two  telescopes,  and  lay  off  this  distance 
on  a  piece  of  paper  by  two  plain  horizontal  lines.  Set  this  paper 
up  at  a  convenient  distance  from  the  instrument,  and  on  about 
the  same  level.  Bring  the  line  of  sight  of  the  large  telescope  on 
the  lower  mark,  and  see  if  that  of  the  small  telescope  falls  on 
the  upper  mark.  If  not,  adjust  its  reticule  imtil  its  line  of  sight 
come  on  the  upper  mark.  Revolve  back  to  the  horizontal  to 
see  if  both  bubbles  again  come  to  the  middle  simultaneously. 

When  this  adjustment  is  completed,  there  should  be  five 
lines  in  the  instrument  parallel  to  each  other  when  instrument 
and  telescopes  are  level,  \az.,  the  axes  of  the  two  telescope 
bubbles  and  of  the  plate  bubble  on  the  standards,  and  the  two 
lines  of  sight,  and,  in  addition,  the  vernier  on  the  vertical 
circle,  should  read  zero. 

The  seven  adjustments  (five  of  the  transit  and  two  of  the 
attachment)  must  all  be  carefully  made  and  frequently  tested 
if  the  best  results  are  desired.  When  this  is  done,  this  attach- 
ment will  give  the  meridian  to  the  nearest  minute  of  arc,  if 
observations  be  taken  when  the  sun  is  more  than  one  hour  from 
the  horizon  and  two  hours  from  the  meridian.  The  advantages 
of  the  Saegmuller  attachment  consist  mainly  in  having  a  tele- 
scopic line  of  sight,  and  in  the  use  of  the  vertical  limb  of  the 
transit  for  setting  off  the  declination  and  co-latitude.  The 
effect  of  small  errors  in  the  latitude  and  declination  angles,  such 
as  may  be  due  to  errors  in  the  adjustments,  is  shown  by  the 
table,  Art.  105. 

loi.  Determination  of  the  Meridian  by  Direct  Solar 
Observation.  Knowing  the  latitude  of  the  place  of  observa- 
tion and  the  declination  of  the  sun,  the  angle  which  a  vertical 
plane  through  the  sun  makes  with  the  meridian  plane,  counting 
from  the  north  point,  may  be  found  by  simply  observing  the 
sun's  altitude.  Thus,  in  Fig.  50,  let  Z  be  the  zenith  point, 
P  the  pole,  and  S  the  sun.  Then  knowing  /,  the  latitude  of  the 
place,  d,  the  declination,  and  A,  the  altitude  of  the  sun,  the  three 
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sides  of  the  spherical  triangle  ZPS  become  known,  since  these 
sides  are  resp)ectively  the  co-latitude,  the  co-declination,  and 
the  co-altitude.  Knowing  these  three  sides  of  the  spherical 
triangle,  the  solid  angle  A,  or  PZS,  the  angle  of  the  sun  from 
the  North,  may  be  computed  from  the  formula, 

^       .         sm  d  ,  „ 

CosA  = -  — tan /^-tan /^ '.     .     .     .     »i) 

cos  At  cos  I 

The  sign  of  the  first  term  will  depend  upon  the  sin  of  d  being 
+  when  the  sun  is  north  of  the  equator  and  —  when  the  sun  is 
south  of  the  equator. 

This  method  of  determining  an  azimuth  does  not  require  a 
solar  attachment.  It  is  much  used  in  the  mining  regions.  It 
does  require  an  auxiliary  disk,  mounted  or  held  just  back  of  the 
eye  end  of  the  telescope.  This  disk  may  even  be  a  plain  sheet 
of  white  paper  held  in  the  hand  some  four  to  six  inches  back 
of  the  eye-piece.  By  having  the  cross-wires  in  good  focus,  and 
the  objective  focussed  on  the  sun,  so  as  to  give  a  clearly  defined 
image,  this  image  may  be  brought  centrally  upon  thp  shadow 
of  the  cross-wires  by  the  vertical  and  horizontal  slow-motion 
screws,  within  the  limits  of  accuracy  of  reading  the  graduated 
circles.  The  reading  of  the  vertical  circle  gii^es  the  altitude 
of  the  sim,  from  which  the  co-altitude  is  found. 

The  declination  of  the  sun  at  the  time  of  the  observation  is 
obtained  from  the  nautical  almanac,  the  same  as  if  it  were  to 
be  used  with  the  solar  attachment.  The  correction  for  refrac- 
tion is  also  applied.^  The  time  of  the  observation  is  recorded 
and  the  declination  of  the  sun  at  this  time  can  be  afterwards 
determined.     The  horizontal  circle  is  also  read,  and  a  ix)inting 


^  From  Spherical  trigonometry  we  have,  Cos  (go-d)  =  cos  (go-h)  cos  (90-/)-!- 
an  (90-A)  sin  (90-/)  cos  A.     Solving  this  for  cos  A  gives  equation  (i). 

'  In  this  case  the  correction  is  added  to  the  observed  altitude,  but  not  to  the 
declination  of  the  sun. 
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made  to  the  azimuth  mark,  and  the  horizontal  circle  read  again. 
These  observations  can  be  repeated  as  often  as  desired;  prefer- 
ably three  sets  of  readings  would  usually  be  taken. 

The  time  of  day  best  suited  to  this  observation,  like  that 
for  an  observation  with  the  solar  attachment,  is  near  the 
middle  of  the  sun's  path  from  the  horizon  to  the  meridian, 
either  before  or  after  noon.  That  is  to  say,  the  altitude  of 
the  sun  should  be  changing  rapidly  at  the  time  of  the  obser- 
vation. If  taken  too  near  the  horizon  the  correction  for 
refraction  becomes  large  and  uncertain,  and  if  taken  too  near 
noon  the  altitude  is  changing  too  slowly  to  furnish  a  good 
argument.  It  needs  scarcely  to  be  said  that  the  transit  must 
be  in  as  good  adjustment  for  this  kind  of  direct  observation 
as  is  required  when  the  solar  attachment  is  used.  As  in  that 
case  also,  the  mean  of  two  observations  taken  at  symmetrical 
times  before  and  after  noon  will  be  free  from  the  errors  of 
adjustment,  and  of  the  latitude  and  declination  used.  This 
method  is  now  commonly  employed  in  the  mining  regions  of 
the  West,  where  it  is  rapidly  replacing  the  use  of  the  solar 
attachment. 

102.  To  Find  the  Declination  of  the  Sim.  On  accoimt  of 
the  inclination  of  the  earth's  axis  to  the  plane  of  its  orbit,  the 
sun  is  seen  north  of  the  celestial  equator  in  summer,  and  south 
of  it  in  winter.  This  deviation,  north  or  south  of  the  equator, 
is  called  north  or  south  declination,  and  is  measured  from  any 
point  on  the  earth's  surface  in  degrees  of  arc. 

On  about  the  21st  of  June  the  sun  reaches  its  most  northern 
declination,  and  begins  slowly  to  return.  Its  most  southern 
point  is  reached  about  December  21st.  In  June  and  Decem- 
ber, therefore,  the  sun  is  changing  its  declination  most  slowly, 
while  at  the  intervening  quadrant- points  of  the  earth's  orbit, 
March  and  September,  it  is  changing  its  declination  most 
rapidly,  being  as  much  as  one  minute  in  arc  for  one  hour  in 
time.  It  is  evident,  therefore,  that  we  must  regard  the  decli- 
nation   of    the   sun    as    a   constantly    changing    quantity,   and, 
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for  any  given  day's  work,  a  table  of  declinations  .must  be  made 
out  for  each  hour  of  tlie  day.  The  American  Ephemeris  and 
Nautical  Almanac  gives  the  declination  of  the  sun  for  noon  of 
each  day  of  the  year  for  both  Greenwich  and  Washington. 
Since  the  time  universally  used  in  this  country  is  so  many  hours 
from  Greenwich,  it  is  best  to  use  the  Greenwich  declinations. 
Since,  also,  we  are  five,  six,  seven,  or  eight  hours  west  of  Green- 
wich, the  declination  given  in  the  almanac  for  Greenwich  noon 
of  any  day  will  correspond  to  the  declination  here  at  7,  6,  5,  or 
4  o'clock  A.M.  of  the  same  date,  according  as  Eastern,  Central, 
Mountain,  or  Western  time  is  used.  As  this  standard  time  is 
seldom  more  than  30  minutes  different  from  local  time,  and  as 
this  could  never  affect  the  declination  by  more  than  30  seconds 
of  arc,  it  will  here  be  considered  sufficient  to  correct  the  Green- 
wich declination  by  the  change,  as  found  for  the  standard  time 
used.  Thus,  if  Central  (90th  meridian)  time  is  used,  the 
declination  given  in  the  almanac  is  the  declination  at  6  o'clock 
A.1I.  at  the  place  of  observation.  To  this  must  be  added  (alge- 
braically) the  hourly  change  in  declination,  which  is  also  given 
in  the  almanac.  A  table  may  thus  be  prepared,  giving  the 
declination  for  each  hour  of  the  day. 

103.  To  Correct  the  Declination  for  Refraction.  All 
rays  of  light  coming  to  the  earth  from  exterior  bodies  are  refracted 
downward,  thus  causing  such  bodies  to  appear  higher  than 
they  really  are.  This  refraction  is  zero  for  vertical  lines,  and 
increases  towards  the  horizon.  It  varies  with  the  temperature 
and  pressure  of  the  atmosphere.  Tables  of  refraction  give. only 
average  values,  and  these  may  differ  considerably  from  the  values 
found  for  any  given  time,  especially  for  lines  near  the  horizon. 
It  is  for  this  reason  that  all  astronomical  observations  made 
near  the  horizon  are  very  uncertain.  There  is  but  one  setting 
on  the  solar  transit  that  has  reference  to  the  position  of  the  sun 
in  the  heavens,  and  that  is  the  declination.  Now,  the  refrac- 
tion changes  the  apparent  altitude  of  the  body;  and  by  so  much 
as  a  change  in  the  altitude  changes  the  decimation,  by  so  much 
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does  the  apparent  declination  differ  from  the  true  declination. 
Evidently  it  is  the  apparent  declination  that  should  be  set  off. 
When  the  sun  is  on  the  meridian,  the  change  in  altitude  has  its 
full  effect  in  changing  the  declination,  but  at  other  times  the 
change  in  declination  is  less  than  the  change  in  altitude. 

The  correction  to  the  declination  due  to  refraction  is  found 
from  the  following  equation  i^ 

dd  =  -\-dh  cos  Qy 

where  dh  represents  the  amount  of  the  refraction  in  altitude  and 
q  is  the  spherical  angle  formed  at  the  star  between  the  zenith  and 
the  celestial  north  pole.  The  value  of  q  may  be  found  in  any 
given  case  bj  the  methods  of  spherical  trigonometry. 

In  this  manner  the  following  table  has  been  computed  for 
the  latitude  of  40°.  For  any  other  latitude  the  correction  is 
found  by  multiplying  the  correction  given  in  the  table  by  the 
corresponding  coefficient,  as  given  in  the  table  of  Latitude 
Coefficients.  These  coefficients  were  obtained  by  plotting  the 
ratios  of  the  actual  refraction  at  the  different  latitudes  to  that 
at  latitude  40°,  for  each  hour  from  7  a.m.  to  5  p.m.  and  for  the 
various  declinations.  It  was  found  that  this  ratio  was  almost 
a  constant,  except  for  very  low  altitudes,  where  the  inherent 
uncertainties  of  an  observation  are  very  large,  from  the  actual 
refraction  varying  so  largely  from  the  mean,  as  given  in  the 
tables.  A  mean  value  of  this  ratio  was  chosen,  therefore, 
which  enables  the  corrections  at  other  latitudes  to  be  found  in 
terms  of  those  in  latitude  40°  without  material  error.  These 
ratios  are  given  in  the  table  of  Latitude  Coefficients. 

EXAMPLE 

104.  Let  it  be  required  to  prepare  a  table  of  declination 
settings  for  a  point  whose  latitude  is  38°  30',  which  lies  in  the 
*' Central  Time  Belt,"  and  for  April  5,  iqto. 


'Sec   Chauvcnel's   "Spherical    Astronomy,"   vol.  i.,   p.    171,   and    Doolittle's 
"Practical  Astronomy,"  p.  159. 
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TABLE  OF  REFRACTION  CORRECTIONS  TO  BE  APPLIED  TO  THE 

DECLINATIONS 


Refraction 

Refraction 

Refraction 

' 

Refraction 

Date, 

1  CORRBCTION. 

Datb. 

CORRBCTION. 

Datb. 

1 

Correction. 

Date. 

Correction. 

Jan. 

1  Latitude  40°. 

Latitude  40*^. 

Latitude  40°. 

Latitude  40°. 

Feb. 

Mar. 

May. 

,  '  I  h.  i'  58" 

13 

I  h.   i'  16" 

30 

I  h.        42" 

14 

I  h.        23" 

1 

7        a    16 

14 

2        I    as 

.  -^^ 

a             47 

15 

2            27 

3 

3         3    04 

IS 

3         I    48 

Apni  I 

3          ,  57 

16 

3              34 

i 

4        6    23 

16 

4         2    47 

2 

4         i'  19 

17 

4               49 

17 

5         8    39 

3 

5         2    18 

18 

5         i'   18 

4)1         I    54 

18 

I         I     la 

4 

I               39 

19 

I               22 

5 

a        a    1 1 

;    '9 

a         I    ao 

5 

a             44 

ao 

2               26 

6 

3        a    59 

ao 

3         I    40 

6 

3               54 

21 

3               33 

« 
/ 

4        6    01 

ai 

4        a    31 

7 

4         1     14 

aa 

4               47 

8 

22 

S        6    49 

8 

5         2    08 

23 

5         I     15 

9 

1         I    SI 

23 

1         I    07 

9 

I               36 

24 

I               21 

10 

a        a    07 

34 

a         I    15 

10 

2               41 

25 

2                 25 

II 

3        2    51 

25 

3         I    33 

1 1 

3               SI 

26 

4               46 

li 

4         5    40 

a6 

4         a    18 

12 

■ 

4         t     10 

27 

U 

27 

5         S    29 

13 

5         I    58 

28 

5         I     13 

u 

I         I     46 

a8 

I         I    03 

14 

I               34 

29 

I               20 

15 

a        a    ot 

Mar.  I 

a         I    10 

15 

2              38 

30 

2               24 

Ifl 

3        2    40 

a 

3         I    27 

16 

3               48 

31 

3              31 

17 

4        5    00 

3 

4        a    06 

17 

4         I    06 

June  1 

4               44 

18 

. 

4 

5         4    39 

18 

5          I     49 

2 

5         III 

19 

I         I    43 

5 

1         0    59 

19 

I               32 

3 

I               19 

10 

a        I    56 

6 

2         I    06 

20 

2              36 

4 

2               23 

31 

3        a    31 

7 

3         I    ai 

21 

3               45 

5 

3               30 

"           4         4    35 

8 

4         I    56     1 

22 

4    .     I    02 

6 

4               43 

23 

9 

5         4    04 

23 

S        I    42     , 

7 

5          I     10 

U 

I         1    37 

10 

I              55 

1      24 

I               30 

8 

I                18 

as 

a         1    50 

1      II 

2         I    03 

25 

2              34 

9 

2               22 

76 

3          2     32 

la 

3         I     15 

26 

3               42 

10 

3              29 

37           4         4    07       ' 

13 

4          I     47 

27 

4              58 

II 

4               43 

38 

14 

5         3    34 

'      28 

5         I    36 

12 

5         T    09 

'9 

I         I    32 

15 

I               52 

29 

I               28 

13 

I               18 

30 

2          I     44 

16 

2              S8 

w^® 

2              32 

14 

2                   23 

B?' 

3          2     13 

17 

3          I     10 

May  I 

3               39 

15 

3               29 

reb.  1       4        3    41 

18 

1 

4          I     39 

2 

4               55 

16 

4               42 

3 

19 

5         3    08 

1 

3 

5         I    30 

17 

5         I    08 

3          1         1    26 

ao 

48 

4 

I               26 

18 

I               18 

4           »          I     37 

21 

2               54 

5 

2              30 

19 

a              22 

5     1      3          2     04 

aa 

3         I    05 

6 

3               37 

20 

3               29 

6          4         J     ai 

23 

4         I    32 

7 

4               53 

21 

4               42 

1 
1 

24 

5         2    51 

8 

5         I    26 

2a 

S         I    08 

8 

I         I     ai 

25 

I               45 

9 

I              25 

23 

I               18 

9 

a         131 

26 

2               50 

10 

2              29 

24 

2              22 

10 

3         I     56 

27 

3         I    01 

1 1 

3              36     , 

25 

3               29 

n          4        3    04 

aS 

4         I    25 

12 

4               51 

26 

4               42 

13 

29 

5         2    34 

13 

5         122 

1 

27 

5         I    08 

« The  hours  are  counted  each  way 
spoad  to  the  3d  hour  in  the  table. 


from  noon.     Thus  9  a.m.  and  3  p.m.  would  corre- 
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TABLE  OF  REFRACTION  CORRECTIONS  TO  BE  APPLIED  TO  THE 

DECLINATIONS— Co«/iwM«/. 


Rbpraction 

Refraction 

Refraction 

Refraction 

Date. 

Correction. 

Date. 

Correction. 

Date. 

Correction. 

Date. 

Correction. 

Latitude  40®. 

•Latitude  40°. 

Latitude  40°. 

Latitude  40°. 

June 

Aug. 

Oct. 

Nov. 

a8 

t  h.        18" 

17 

I  h.        32" 

6 

I  h.   i'  03" 

30 

I  h.   i'  46" 

29 

2                   32 

18 

3            36 

7 

3        I    10 

31 

3             3      01 

30 
July  I 

3               «9 

19 

3           ,  45 

8 

3         I    27 

33 

3          2    40 

4               43 

30 

3            l'   03 

9 

4         3    06 

23 

4          4     59 

2 

5         1'  09 

31 

S       I   42 

10 

5         4    39 

24 

3 

I               19 

33 

I               34 

II 

I          1    07 

25 

I           1     50 

4 

a             23 

23 

2              38 

12 

3            I      15 

36 

3            3     06 

5 

3             30 

34 

3              48 

13 

3         I    33 

37 

3          2    49 

6 

4              43 

25 

4         I    06 

M 

4         3     18 

38 

4          5    33 

7 

5         I     10 

36 

5         I    49 

15 

S         5    29 

29 

8 

I               30 

37 

I              36 

16 

I            I      13 

30 

I          I     54 

9 

3                 34 

38 

2              41 

17 

3            I      30 

Dec.  I 

3            3     11 

10 

3              31 

29 

3               SI 

18 

3         1    40 

3 

3          2    59 

II 

4               44      1 

30 

4         I     10 

19 

4         3    31 

3 

4          6    01 

la 

5         I    II 

31 

S         I    S8 

20 

S         6    49 

4 

13 

I                  31 

Sept.  I 

I              39 

21 

I          t     16 

5 

I          I     58 

14 

3                   35 

3 

3              44 

22 

3            I      35 

6 

3            316 

15 

3              32 

3 

3               54 

23 

3         I     48 

7 

3          3  -04 

16 

4              46 

4 

4         I     14 

24 

4         2    47 

8 

4          6    33 

17 

5         I     13 

S 

5         3    08 

25 

S         8    39 

9 

18 

I              33 

6 

1              42 

26 

T             131 

10 

I          3    00 

19 

3              36      1 

7 

2               47 

27 

3            I      31 

II 

3            319 

30 

3              33 

8 

3              57 

28 

3         I    56 

13 

3          3    09 

21 

4               47 

9 

4         I     19 

29 

4         3    04 

13 

4         6    38 

32 

S       I    15 

1      10 

5         2    18 

30 

5       1 1    01 

14 

23 

I               23 

II     - 

T              48 

,,31 

I          I     36 

15 

I            3     01 

24 

3               37 

13 

2              so 

Nov,  1 

2         I    37 

16 

2           3     20 

as 

3               34 

13 

3         I    01 

3 

3         2    04     1 

17 

3         3    II 

26 

4               49 

14 

4         1     25 

3 

4         3    21 

18 

4         6    47 

27 

5          1     18 

15 

5         2    34 

.    4 

5       13    57 

19 

28 

I               25 

'        16 

I               48 

5 

I          I    32 

30 

X          3    01 

29 

3               39 

17 

2              54 

6 

2         1    44 

31 

a         3    20 

30 

3              36 

18 

3         I    05 

7 

3         2     13 

33 

3         3    II 

.  3* 

4              51 

19 

4         1    32 

8 

4         3    41 

23 

4         6    49 

Aug.   I 

5         I    33 

30 

5         2    51 

9 

1 

24 

2 

I              36 

21 

1               52 

1 

10 

I          I    37 

25 

I         2    00 

3 

2              30 

22 

2              S8 

1 1 

2         I     50 

36 

3         3    19 

4 

3              J7 

23 

3          I     10 

12 

3            3      33 

37 

3         3    09 

5 

4               S3 

24 

4          I     39 

13 

4         4    07 

38 

4         ft    13 

6 

5         1     26 

2  5 

5         3    08 

14 

29 

7 

T                   38 

26 

1               55 

15 

I          I     42 

30 

8 

3                   32 

27 

2          I    02 

16 

3          I     5^' 

31 

9 

3                39 

28 

3         I     «5 

17 

3         3    31 

10 

4               55 

29 

4          I     47 

iK 

4         4    35 

1 1 

5         I    30 

30 

5         3    34 

>9 

13 

1               30 

Oct.   I 

I                59 

u 

2               34 

2 

2          I     06 

T4 

3               43 

3 

3           I     2t       1 

M 

4               58 

1         -* 

4          1     5^' 

16 

5         I    36 

'         5 

1 

5         4    04 
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Since  the  time  is  6  h.  earlier  than  that  at  Greenwich,  the 
declination  given  in  the  Ephemeris  for  Greenwich  mean  noon 
(f  50'  36^0  is  the  declination  for  the  given  place  at  6  a.m.  If 
ie  point  were  in  the  "Eastern  Time  Belt"  it  would  be  the 
declination  at  7  A.M.,  etc.  Suppose  it  is  desired  to  prepare 
declination  settings  from  7  a.m.  to  5  p.m.    From  the  table  of 


TABLE   OF  LATITUDE  COEFFICIENTS. 


Latitude. 

Coefficient. 

Latitude. 

Coefficient. 

Latitude. 

Coefficient. 

IS^ 

.30 

30° 

•6s 

45° 

1.20 

16 

-32 

31 

.68 

46 

1.24 

17 

.34 

32 

.71 

47 

1.29 

18 

.36 

33 

•75 

48 

1-33 

19 

.38 

34 

.78 

49 

1.38 

20 

.40 

35 

.83 

50 

1.42 

21 

.42 

36 

•85 

51 

1-47 

23 

.44 

37 

.89 

52 

1-5^ 

23 

.46 

38 

.92 

53 

1.58 

24 

.48 

39 

.0 

54 

1.64    . 

25 

•50 

40 

I. 00 

55 

1.70 

26 

•53 

4^ 

1.04 

56 

1.76 

27 

.56 

42 

1.08 

57 

1.82 

28 

.59 

43 

I. 12 

58 

1.88 

29 

.62 

44 

I. 16 

59 

1.94 

Note. — For  any  other  latitude  than. 40°  the  refraction  corrections  given  in  the 
preceding  table  are  to  be  multiplied  by  the  coeflricients  given  in  this  table  to  obtain 
the  true  refraction  corrections  for  that  latitude. 

latitude  coefficients  we  find  that  the  refraction  corrections  will 
be  .94  of  those  given  in  the  table.  The  following  table  of 
declination  settings  may  now  be  made  out: 


Hour. 

Declination. 

Refr.Cor 

Setting. 

1  Hour. 

Declination. 

Refr.Cor. 

Setting. 

7 
8 

9 

10 
II 

+  5*' si'  33" 
5    52    30 
5    53     '7 
5     54     24 
5     54     ai 

+  a'  00" 
+  1     10 
+  0    51 
-ho    41 
+  0    37 

+  5^*53'  33" 
5    S3     40 
5    54    18 
5    55       5 
5    54    S8 

z 

2 

3 
4 
5 

+  5**  55'  21" 
5    56    18 
5    57     15 
5    S8    12 
5    59      9 

+       37" 
+       41 
+       51 
+  i'  10 
+  2    00 

+  5°  55'  S8" 
5     56    59 
5     58      6 
5     59    37 
619 
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From  March  20th  to  September  20th  the  declination  is 
positive,  while  from  September  20th  to  March  20th  it  is  nega- 
tive. From  December  20th  to  June  20th  the  hourly  correction 
is  positive,  while  from  June  20th  to  December  20th  it  is  nega- 
tive. The  refraction  correction  is  always  positive.  Particular 
attention  must  be  given  to  all  these  signs  in  making  out  the  table 
of  declination  settings. 

105.  A  Simple  Way  of  Correcting  the  Sun's  Declination 
for  the  Effect  of  Refraction.^  In  case  the  observer  should 
not  have  with  him  the  refraction  tables  found  on  the  preced- 
ing three  pages,  the  refraction  can  be  determined  by  the  aid  of 
his  watch,  as  follows: 

Having  focussed  the  eye-piece  and  object  glass  of  the  transit 
so  that  a  clear  image  of  both  the  sim's  disk  and  the  cross-wires 
can  be  seen  on  the  screen  held  behind  the  eye-piece  (a  piece  of 
white  paper  held  by  the  hand  will  do  for  a  screen),  set  the  hori- 
zontal circle  of  the  transit  to  read  some  integral  ten  minutes 
and  point  on  the  sun  by  the  lower  motion. 

The  earth's  diurnal  motion  will  carry  the  sun  across  the 
vertical  thread  of  the  instrument.  Note  the  time  on  a  watch 
to  the  nearest  second  when  the  sun  is  tangent  to  the  vertical 
wire.  Keeping  the  lower  motion  clamped,  unclamp  the  upper 
and  turn  the  alidade  in  the  direction  of  the  sun's  movement, 
i.e.,  toward  the  west,  and  set  the  vernier  to  read  the  next  ten 
minutes.  Note  again  the  time  when  the  sun  is  tangent  to  the 
vertical  thread.  Also  read  the.  vertical  angle  to  the  sun.  Then 
if  we  call  n  the  interval  of  time  elapsed  in  seconds  while  the 
sun  (really  the  earth)  was  passing  through  ten  minutes  of 
arc,  and  call  h  the  vertical  angle  in  degrees,  the  refraction  d,  in 
minutes,  is  given  by  the  equation,  , 

,    2000 


hn* 


*  For  a  very  complete  explanation  of  this  method  see  Comstock's  "Astronomy/* 
by  Professor  Cieorge  C.  Comstock,  University  of  Wisconsin. 
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Experience  in  using  this  formula  has  shown  that  its  maxi- 
mum errors  will  not  exceed  15''  when  the  sim  is  above  10^ 
altitude,  while  its  average  error  is  less  than  half  this  amoimt. 
As  the  refraction  correction,  as  ordinarily  computed,  is  based 
upon  average  conditions  of  temperature  and  barometric  pres- 
sure, seldom  exacdy  realized  in  any  given  case,  the  writer  has 
not  been  surprised  to  find  that  results  obtained  by  the  use  of 
the  above  formula  are  quite  as  good  as  those  obtained  from 
tiie  more  complicated  and  pretentious  formulas  and  tables. 

A  still  more  accurate  determination  of  the  refraction  can  be 
made  by  the  use  of  the  following  equation : 


d  in  seconds  = 


N 


n 


where  d  is  the  refraction  in  seconds,  and  N  is  obtained  from 
the  following  table  by  entering  it  with  the  measured  altitude 
of  the  sun  as  an  argument : 


10" 


15' 


20" 


25' 


30 


2IQ 

1 
15 

30° 

144 

8 

40° 

103 

5 

50° 

79 

3.6 

60° 

59 

7o» 

60 

37 
22 

12 


The  altitude  of  the  sun  need  only  be  observed  to  the  nearest 
half  degree. 

The  tabulated  values  of  N  correspond  to  a  temperature  of 
50*^  F.  and  a  barometric  pressure  of  thirty  inches.  They  may 
be  adapted  to  any  other  temperature  by  diminishing  d  by  one 
per   cent    for    each    five    degrees    by  which    the    temperature 
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exceeds  50°,  or  by  increasing  one  per  cent  for  eax:h  five  degrees 
below  50°. 

This  correction  and  the  correction  for  variations  of  the 
barometer  can  usually  be  neglected.  At  great  elevations,  how- 
ever, the  barometric  pressure  becomes  so  much  reduced  that  its 
variation  must  be  taken  into  account,  and  this  is  done  by  diminish- 
ing d  by  one  per  cent  for  each  300  feet  of  elevation  above  the  sea. 

TABLE   OF   ERRORS   IN   AZIMUTH    (BY    SOLAR   TRANSIT)    FOR    1' 
ERROR  IN   DECLINATION   OR   LATITUDE 


Hour. 

For  i'  1 

Srror  in  Dbcl 

INATION. 

Lat.  50°. 

For  i'  Error  ik  Latitudb. 

Lat.  30* 

1 
Lat.  40**. 

i 

Lat.  30''. 

Lat.  40®. 

Lat.  so^ 

1 1. 30  A.M.  \ 
12.30  P.M.  /  ' " " 

8'.85 

;      lO'.o 

12'. 9 

8'.77 

9'.92 

IT '.8 

II  A.M.    1 
I   P.M.    I 

4.46 

5  -05 

1 

6  .01 

4.33 

4.87 

• 

5  -80 

10  A.M.    ] 
2  P.M.     J 

2  .31 

;                           1 
'          2  .61        ] 

1 

3" 

2  .00 

2  .26 

2  .70 

9  A.M.    ) 

3  P.M.    / 

I  .63 

!       1.85 

1 

1                   4 

2  .20 

I    15 

I    30 

I    .56 

8  A.M.     \          • 

4  P.M.    i 

I  -34 

1 

I  .80 

0  .67 

0  -75 

0  .go 

7  A.M.     \ 

(    ..... 
5  P.M.     J 

•I  .20 

I  -35 

I  .61 

0.31 

0-3.S 

0-37 

6  A.M.     \ 
6  P.M.     / 

I  .15 

'        I  .30 

I  .56 

0  .00 

0  .00 

• 

0  .00 

Note. — Azimuths  observed  with  erroneous  dech'nalion  or  co-latitude  may  be 
corrected  by  this  tablfe  by  observing  that  for  the  line  of  colliniation  set  too  hit^h, 
the  azimuth  of  any  line  from  the  south  point  in  the  direction  S.W.N. E.  is 
found  too  small  in  the  forenoon  and  too  lart^e  in  the  afternoon  by  the  tabular 
amounts  for  each  minute  of  error  in  the  altitude  of  the  solar  line  of  sight.  The 
reverse  is  true  for  this  line  set  too  fow.  ' 
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Several  important  conclusions  may  be  drawn  from  this  table: 
First — That  the  solar  transit  should  never  be  used  between 
II  A.M.  and  1  P.M.,  and  preferably  not  between  lo  a.m.  and  2 
P.M.,  if  the  best  results  are  desired. 

Second — That  at  6  o'clock  a.m.  and  p.m.,  when  the  line  of  col- 
limation  lies  in  a  plane  at  right  angles  to  the  plane  of  the 
meridian,  no  small  change  in  the  latitude-arc  will  affect  the 
accuracy  of  the  result.  At  these  times,  however,  occurs  the 
maximum  error  in  the  refraction. 

EXERCISES  WITH  THE  TRANSIT 

1.  Establish  three  stations  forming  a  triangle.  Measure  ihe  three  hori- 
zontal angles  and  see  if  their  sum  is  180°. 

2.  Prolong  a  line  in  azimuth  and  distance  by  c-arrying  both  around  an 
imaginary  obstruction,  and  then  check  the  azimuth  by  a  hack  sight  and  the  dis- 
tance by  measurement.  Thus,  let  A  and  B  be  two  points  establishing  a  line. 
Tbe  problem  is  to  establish  two  other  points,  C  and  £>,  in  the  continuation  of 
the  line  AB^  with  an  imaginary  obstruction  to  both  sight  and  measurement 
between  B  and  C.     The  distance  BC  is  also  to  be  obtained. 

Tbe  equilateral  triangle  will  be  found  most  efficient. 

3.  Find  both  the  distance  to  and  the  height  of  an  inaccessible  steeple, 
chimney,  smokestack,  or  tree. 

Measure  a  basc-'ine  such  that  its  two  extremities  make  with  the  given  object 
approximately  an  isosceles  triangle  (it  is  desirable  that  no  angle  of  the  triangle 
shoulii  be  less  than  30®  nor  more  than  120°).  The  top  of  the  object  only  need 
be  visible  from  the  two  ends  of  the  base.  Measure  both  the  horizontal  and 
vertical  angles  at  the  extremities  of  the  base-line  subtended  by  the  other  two 
points  of  the  triangle.  Let  A  and  B  be  the  extremities  of  the  base  and  P  the 
point  whose  distance  and  elevation  are  recjuired.  We  then  have  for  horizontal 
^i^les 

Sin  Pisin  A::  ABiBP; 

also  .  sin  P:s\n  B::AB:AP, 

In  reading  the  vertical  angles  to  the  base-stations  the  reading  should  be 
laken  on  a  point  as  high  above  the  ground  (or  peg)  as  the  telescope  is  above  the 
peg  over  which  it  is  set.  The  difference  in  the  elevations  of  the  two  pegs  is 
ihen  obtained.  The  vertical  angle  to  the  point  P  is  taken  to  the  summit,  and 
height  of  instrument  added  in  eachcase  to  find  its  elevation  above  peg.  If  A 
be  the  bwer  of  the  two  bage-stations  and  if  I  a  and  I^  be  the  heights  of  instru- 
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menl  (line  of  sight)  above  the  peg  in  the  two  cases,  and  if   Va^   Vg,   Vp  and 
Fp'  be  the  vertical  angles  read  to  the  corresponding  points,  we  may  write: 

Elevation  of  B  above  A  =  AB  tan  V^; 
i<  p      i<      A^APUn  Vp, 

Also,  from  the  vertical  angles  taken  at  B,  we  have: 

Elevation  of  A  below  B=AB  tan  Va; 
"  P  above  B=BP  tan  Vp\ 

We  now  have  a  check  on  both  the  relative  elevations  and  on  the  distances 
jiP  and  BP.     Assuming  the  elevation  of  /I  to  be  zero,  we  have: 

Elevation  of  P  above  A  =  AP  tan  Vp=AB  tan  Vq-\-BP  tan  Vp\ 

This  equality  will  not  result  unless  the  observations  were  well  taken,  the 
computations  accurately  made,  and  the  instrument  carefully  adjusted.  The 
adjustments  mainly  involved  here  are  the  plate-bubbles  and  the  vernier  on  the 
vertical  circle.  If  the  points  are  a  considerable  distance  apart,  as  over  a  half- 
mile,  the  elevations  obtained  by  reading  the  vertical  angles  are  appreciably  too 
great,  on  account  of  the  earth's  curvature.  This  may  be  taken  as  eight  inches 
for  one  mile  and  proportional  to  the  square  of  the  distance.  Or,  we  may  write: 
Elevation  correction  on  long  sights,  in  inches,*  =  8  (distance  in  miles)'. 
If  the  distances  are  all  less  than  about  half  a  mile,  no  attention  need  be  paid 
to  this  correction  in  this  problem. 

4.  Find  the  height  of  a  tree  or  house  above  the  ground,  on  a  distant'  hill, 
without  going  to  the  immediate  locality. 

5.  Find  the  horizontal  length  and  bearing  of  a  line  joining  two  visible  but 
inaccessible  objects.  Use  the  magnetic  bearing  if  the  true  bearing  of  the  base- 
line is  not  known. 

6.  Find  the  horizontal  length  and  bearing  of  a  line  joining  two  inaccessi- 
ble points  both  of  which  cannot  be  seen  from  any  one  position. 

Let  A  and  B  be  the  inaccessible  points.  Measure  a  base  CD  such  that  A  is 
seen  from  C,  and  B  from  D.  Auxiliary  bases  and  triangles  may  be  used  to 
find  the  lengths  of  ^C  and  BD.  Knowing  AC  and  CD  and  the  included  angle, 
compute  AD  in  bearing  and  distance.  The  angle  ADB  may  now  be  found 
which,  with  the  adjacent  sides  AD  and  BD  known,  enables  the  side  ^B  to  be 
found  in  bearing  and  distance. 

'  For  a  full  discussion  of  this  subject  see  Chapter  XVI, 
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7.  With  the  transit  badly  out  of  level,  or  with  horizontal  axis  of  the  tele- 
scope thrown  xx>nsiderably  out  of  the  horizontal,  measure  the  horizontal  angle 
between  two  objects  having  very  different  angular  elevations.  Do  this  with 
both  telescope  normal  and  telescope  reversed,  and  note  the  difference  in  the 
viloes  of  the  angle  obtained  in  the  two  cases. 

8.  Select  a  series  of  points  on  uneven  ground,  enclosing  an  area,  and 
occupy  them  successively  with  the  transit,  obtaining  the  traverse  angles. .  That 
is,  knowing  01  assuming  the  azimuth  of  the  first  line,  obtain  the  azimuths  of  the 
other  connecting  lines,  or  courses,  with  reference  to  this  one,  returning  to  the 
first  point  and  obtaining  the  azimuth  of  the  first  course  as  carried  around  by 
the  traversed  line.  This  should  agree  with  the  original  azimuth  of  this  course. 
The  distances  need  not  be  measured  for  this  check. 

9.  Lay  out  a  straight  line  on  uneven  ground  by  the  method  given  in  Art. 
89,  occupying  from  six  to  ten  stations.  Return  over  the  same  line  and  estab- 
lish a  second  series  of  points,  paying  no  attention  to  the  first  series,  and  then 
note  the  discrepancies  on  the  several  stakes.  In  returning,  the  two  final  points 
of  the  first  line  become  the  initial  points  of  the  second,  this  return  line  being  a 
probngation  of  the  line  joining  these  two  points.  If  these  deviate  ever  so 
Utile,  therefore,  from  the  true  line,  the  discrepancy  will  increase  towards  the 
initial  point. 

Similar  exercises  to  those  given  for  the  solar  compass  may  be  assigned  for 
the  solar  attachment. 


The  Sextant 

106.  The  Sextant  is  the  most  convenient  and  accurate 
hand-instrument  yet  devised  for  measuring  angles,  whether 
horizontal,  vertical,  or  inclined.  It  is  called  a  sextant  because 
its  limb  includes  but  a  60°  arc  of  the  circle.  It  will  measure 
angles,  however,  to  120°.  It  is  held  in  the  hand,  measures  an 
aagle  by  a  single  observation,  and  will  give  very  accurate 
results  even  when  the  observer  has  a  very  unstable  support,  as 
on  board  ship.  It  is  exclusively  used  in  observations  at  sea, 
and  is  always  used  in  surveying  where  angles  are  to  be  meas- 
^ed  from  a  boat,  as  in  locatmg  soundings,  buoys,  etc.,  as  well 
as  in  reconnoissance  work,  explorations,  and  preliminary  sur- 
veys.   It  has  been  in  use  since  about  1730. 

The    accompanying    cut    shows   a   common    form    of    this 
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instrument.     The  limb  has  a  yS-inch  radius,  and  the  most  accu- 
rate kind  reads  to  lo  seconds  of  arc. 

There  is  a  mirror  M  (Fig.  53),  called  the  Index  Glass,  rigidly 
attached  to  the  movable  arm  MA,  which  carries  a.  vernier 
reading  on  the  graduated  limb  CD.  There  is  another  mirror, 
/,  called  the  Horizon  Glass,  rigidly  attached  to  the  frame  of 
the  instrument,  and  a  telescope  pointing  into  this  mirror,  also 
rigidly  attached.     This  mirror  is  silvered  on  its  lower  half,  but 


Fig.  S3. 

clear  on  its  upper  half.  A  ray  of  light  coming  from  H  passes 
through  the  clear  portion  of  the  mirror  /  on  through  the  tele- 
scope to  the  eye  at  E.  Also,  a  ray  from  an  object  at  O  strikes 
the  mirror  M,  is  reflected  to  m,  and  then  through  the  telescope 
to  E.  Through  one  half  of  the  objective  come  the  rays  from 
H,  and  through  the  other  half  the  rays  from  O,  each  of  which 
sets  of  rays  forms  a  perfect  image.  By  moving  the  arm  MA 
it  is  evident  these  images  will  appear  to  move  over  each  other, 
and  for  one  position  only  will  they  appear  to  coincide.  The 
bringing  of  the  two  images  into  exact  coincidence  is  what  the 
observation  consists  in,  and  however  unsteady  the  motion  of 
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the  observer  may  be,  he  can  occasionally  see  both  images  at 
once,  and  so  by  a  series  of  approximations  he  may  finally  put 
the  arm  in  its  true  position  for  exact  superposed  images.  The 
angle  subtended  by  the  two  objects  is  then  read  oflF  on  the 
limb. 

107.  The    Theory  of    the  Sextant   rests   on   the  optical 
principle  that  '*if  a  ray  of  light  suffers  two  successive  reflec- 


FiG.  53. 

tions  in  the  same  plane  by  two  plane  mirrors,  the  angle 
between  the  first  and  last  directions  of  the  ray  is  t>\dce  the  angle 
of  the  mirrors." 

To  prove  this,  let  OM  and  mE  (Fig.  53),  be  the  first  and 
last  positions  of  the  ray,  the  latter  making  with  the  former 
produced  the  angle  E.  The  angle  of  the  mirrors  is  the  angle  A, 
The  angles  of  incidence  and  reflection  at  the  two  mirrors  are 
the  angles  i  and  i\  PM  and  pm  being  the  normals. 


114  SURVEYING 


We  may  now  write 


Angle  E  =OMm  —  MmE, 

=2(f-eO; 
angle  A  =ImM  —  mMA 

=  (90°-i')-(90°-») 


*         •/ 


Therefore  £=2^4.  q.e.d. 

When  the  mirrors  are  brought  into  parallel  planes,  the 
angle  A  becomes  zero,  whence  E  also  is  zero,  or  the  rays  OM 
and  Hm  are  parallel.  This  gives  the  position  of  the  arm  for 
the  zero-reading  of  the  vernier.  The  limb  is  graduated  from 
this  point  towards  the  left  in  such  a  way  that  a  60°  arc  of  the 
circle  will  read  to  120°.  That  is,  a  movement  of  1°  on  the  arc 
really  measures  an  angle  of  2°  in  the  incident  rays,  so  it  must 
be  graduated  as  two  degrees  instead  of  one.  The  very  large 
radius  enables  this  to  be  done  without  difficulty. 

Adjustments  of  the  Sextant 

108.  To  Make  the  Index  Glass  Perpendicular  to  the 
Plane  of  the  Sextant.  Bring  the  vernier  to  read  about  30° 
and  examine  the  arc  and  its  image  in  the  index  glass  to  see  if 
they  form  a  continuous  curve.  If  the  glass  is  not  perpendic- 
ular to  the  plane  of  the  arc,  the  image  will  appear  above  or 
below  the  arc,  according  as  the  mirror  leans  forward  or  back- 
ward. It  is  adjusted  by  slips  of  thin  paper  under  the  project- 
ing points  and  comers  of  the  frame,  or  by  a  screw  provided  for 
this  purpose. 

109.  To  Make  the  Horizon  Glass  Parallel  to  the  Index 
Glass  for  a  Zero-Reading  of  the  Vernier.  Set  the  vernier 
to  read  zero  and  see  if  the  direct  and  reflected  images  of  a  well- 
defined  distant  object,  as  a  star,  come  into  exact  coincidence^ 
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K  not,  adjust  the  horizon  glass  until  they  do.  If  this  adjustment 
cannot  be  made,  bring  the  objects  into  coincidence,  or  even 
with  each  other. so  far  as  the  motion  of  the  arm  is  concerned, 
and  read  the  vernier.  This  is  the  index  error  of  the  instrument 
and  is  to  be  applied  to  all  angles  read.  The  better  class  of 
instruments  all  allow  the  horizon  glass  to  be  adjusted.  This 
adjustment  is  generally  given  as  two,  but  it  is  best  considered 
as  one.  If  made  parallel  to  the  index  glass  after  that  has  been 
adjusted,  it  must  be  perpendicular  to  the  plane  of  the  instru- 
ment. 

no.  To  Make  the  Line  of  Sight  of  the  Telescope  Parallel 
to  the  Plane  of  the  Sextant.  The  reticule  in  the  sextant 
carries  four  wires,  forming  a  square  in  the  centre  of  the  field. 
The  centre  of  this  square  is  in  the  line  of  collimation  of  the 
instrument. 

Rest  the  sextant  on  a  plane  surface,  p)ointing  the  telescope 
upon  a  well-defined  point  some  20  feet  distant.  Place  two 
objects  of  equal  height  upon  the  extremities  of  the  limb  that 
will  serve  to  establish  a  line  of  sight  parallel  to  the  limb.  Two 
lead -pencils  of  same  diameter  will  serv^e,  but  they  had  best  be 
of  such  height  as  to  make  this  line  of  sight  even  with  that  of 
the  telescope.  If  both  lines  of  sight  come  upon  the  same  p)oint 
to  within  a  half-inch  or  so  at  a  distance  of  20  feet,  the  resulting 
maximum  error  in  the  measurement  of  an  angle  will  be  only 
about  I  inch. 

The  Use  of  the  Sextant 

III.  To  Measure  an  Angle  with  the  sextant,  bring  its 
pLane  into  the  plane  of  the  two  objects.  Turn  the  direct  line 
of  sight  upon  the  fainter  object,  which  may  require  the  mstru- 
ment  to  be  held  face  downwards,  and  bring  the  two  images 
bto  coincidence.  The  reading  of  the  limb  is  the  angle  required. 
It  must  be  remembered  that  the  angles  measured  by  the  sextant 
are  the  true  angles  subtended  by  the  two  objects  at  the  point  of 
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observation^  and  not  the  vertical  or  horizontal  projection  of  these 
angles,  as  is  the  case  with  the  transit.  The  true  vertex  of  the 
measured  angle  is  at  £,  Fig.  53.  It  is  evident  the  position  of 
E  is  dependent  on  the  size  of  the  angle,  being  at  a  great  distance 
back  of  the  instrument  for  a  very  small  angle.  The  instrument 
should  therefore  not  be  used  for  measuring  very  small  angles 
except  as  between  objects  a  very  great  distance  off.  The  sex- 
tant is  seldom  or  never  used  for  measuring  angles  where  the 
position  of  the  instrument  (or  the  vertex  of  the  angle)  needs 
to  be  known  with  great  accuracy, 

EXERCISES  FOR  THE  SEXTANT 

1.  Measure  the  altitude  of  the  sun  or  a  star  at  its  culmination  by  bringing 
the  direct  image,  reflected  from  the  surface  of  mercury  held  in  a  flat  dish  on 
the  ground,  into  coincidence  with  the  image  reflected  from  the  index  glass. 
Half  the  observed  angle  is  the  altitude  of  the  body.  The  altitude  of  a  terres- 
trial object  may  be  obtained  in  the  same  manner,  in  which  case  the  vessel  of 
mercury  should  rest  on  an  elevated  stand;  the  sextant  could  then  be  brought 
near  to  it  and  the  angular  diveigence  of  the  two  incident  rays  to  the  mercury 
surface  and  index  glass  reduced  to  an  inappreciable  quantity. 

If  the  observation  of  a  heavenly  body  be  made  on  the  meridian  and  the 
declination  of  the  body  at  the  time  of  observation  be  known,  the  latitude  of  the 
place  is  readily  found. 

2.  Measure  the  angle  subtended  by  two  moving  bodies,  as  of  two  men 
walking  the  street  in  the  same  direction,  or  of  two  boats  on  the  water.  (This  is 
to  illustrate  the  capacity  of  the  sextant,  for  none  but  a  reflecting  instrument 
bringing  two  converging  lines  of  sight  into  coincidence  is  competent  to  do 
this.) 

Exercises  i,  3  and  4  for  the  transit  may  also  serve  for  the  sextant.  Further 
applications  of  the  sextant  in  locating  soundings  are  given  in  Chapter  X. 

112.  The  Cross-Section  Polar  Protractor.  The  accom- 
panying cuts  (Figs.  54  and  55)  illustrate  an  instrument  recently 
invented  and  used  on  the  New  York  Aqueduct  for  taking  polar 
coordinates  of  the  cross-sections  of  the  tunnel.  It  consists  of  a 
plain  circular  dkk,  graduated  to  single  degrees,  and  mounted 
on  a  tripod  in  such  a  way  that  it  may  be  levelled  up  and  also 
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have  a  vertical  motion  and  a  motioQ  about  the  vertical  axis.* 
The  construction  is  shown  clearly  in  the  figures. 

In  use  it  is  mounted  with  its  centre  in  the  axis  of  the  tun- 
nel. A  light  wooden  measuring  rod,  not  shown  in  the  figures, 
tapering  to  a  point  and  shod  with  brass  of  sufikient  length, 
and  graduated  to  feet  and  hundredths,  lies  upon  the  wooden 


arm  or  rest,  which  revolves  upon  the  face  of  the  disk,  and 
slides  out  to  a  contact  with  the  surface  at  such  points  as  are 
lo  be  taken.    K  the  only  information  desired  is  whether  or  not 

'  Those  used  on  the  New  York  Aqueduct  were  designnl  by  F.  W.  Walkins 
ind  Alfred  Craven,  and  were  manufactured  by  Heller  &  Brightly,  Philadelphia. 
Ser  descriplkin  in  "Tiana,  Am.  Soc.  C.  E.,"  1890,  and  Engineering  News,  July 
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the  excavation  is  sufficient,  or  beyond  the  established  lines,  then 
the  rod  is  set  to  the  proper  radius,  and  if  it  swings  clear,  the 
fact  is  determined.  If  a  true  copy  of  the  actual  cross-section 
is  desired,  then  the  rod  is  brought  into  contact  with  the  signifi- 
cant points  in  the  cross-section  (mostly  the  points  of  greatest 
projection  and  depression  of  the  surface),  and  the  angle  and 
distance  read  and  recorded.  In  the  instrument  here  shown, 
the  graduation  increases  in  both  directions  from  the  top  to  i8o° 
at  the  bottom.  Perhaps  a  better  arrangement  would  be  to  have 
the  angles  increase  continuously  to  360°.  The  work  could  be 
plotted  by  means  of  such  a  protractor  as  shown  in  Figs.  113  or  1 14, 
Chapter  VIII.  The  points  being  plotted,  they  should  be  joined 
by  a  free-hand  line  and  the  area  determined  by  the  planimeter. 
If  the  cross-section  contains  one  or  more  marks  from  which 
the  axis  of  the  tunnel  may  be  found,  as  an  alignment  mark 
and  a  bench  mark  (which  may  be  one  and  the  same),  then  the 
instrument  may  be  set  up  at  random  on  this  section,  and  these 
fixed  marks  pointed  in  and  plotted,  along  with  the  cross-sec- 
tion points.  The  axis  of  the  tunnel  can  then  be  laid  off  from 
the  plotted  marks,  and  by  drawing  in  the  established  lines 
from  this  axial  point,  the  question  of  clearance  may  be  deter- 
mined nearly  as  well  as  by  setting  the  instrument  in  the  axis 
of  the  tunnel  itself.  The  actual  cross-section  and  area  are 
quite  as  well  determined  as  if  the  instrument  were  carefully 
centred  on  the  axial  line. 
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CHAPTER  V 

THE  PLANE  TABLE 

113.  The  Plane  Table  consists  of  a  drawing-board  prop- 
erly mounted  on  which  rests  an  alidade  carrying  a  line  of  sight 
rigidly  attached  to  a  plain  ruler  with  a  fiducial  edge.  The  line 
of  si^t  is  usually  determined  by  a  telescope,  as  in  Fig.  56.  This 
telescope  has  no  lateral  motion  with  respect  to  the  ruler,  but 
both  may  be  moved  at  pleasure  on  the  table.  The  telescope 
has  a  vertical  motion  on  a  transverse  axis,  as  in  the  transit.  It 
is  also  provided  with  a  level  tube,  either  detachable  or  perma- 
nently fixed.  The  table  is  levelled  by  means  of  one  round  or 
two  cross  bubbles  on  the  ruler  of  the  alidade.  The  line  of  sight 
of  the  telescope  is  usually  parallel  to  the  fiducial  edge  of  the 
ruler,  though  this  is  not  essential.  It  is  only  necessary  that  they 
should  make  a  fixed  horizontal  angle  with  each  other.  The 
table  itself  must  have  a  free  horizontal  angular  movement  and 
the  ordinary  clamp  and  slow-motion  screw.  The  table  corre- 
sponds to  the  graduated  limb  in  the  transit,  the  alidades  in  the 
two  instruments  performing  similar  duties.  Instead,  however, 
of  reading  off  certain  horizontal  angles,  as  is  done  with  the  transit, 
and  afterwards  plotting  them  on  paper,  the  directions  of  the  various 
pointings  are  at  once  drawn  on  the  paper  which  is  mounted  on 
the  top  of  the  table,  no  angles  being  read.  The  true  relative 
positions  of  certain  points  in  the  landscape  are  thus  transferred 
directly  to  the  drawing-paper  to  any  desired  scale.  The  mag- 
netic bearing  of  any  line  may  be  determined  by  means  of  the 
declinator,  which  is  a  small  box  carrying  a  needle  which  can  swing 
some  ten  degrees  either  side  of  the  zero-line.  The  zero-line 
being  parallel   to  one  edge  of  the  box,  the  magnetic  meridian 


may  be  at  once  marked  down  on  any  portion  of  the  map,  and 
the  bearing  of  any  intersecting  line  determined  by  means  of  a 


protractor.     Tlie  instrument  has  been  long  and  extensively  used 
for   mapping   purposes,   and   is   slill   the  only   instrument  used 
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for  the  "filling  in"  of  the  topographical  charts  of  the  U.  S. 
Coast  and  Geodetic  Survey.  An  extended  account  of  the  instru- 
ment and  the  field  methods  in  use  on  that  service  may  be 
found  in  Appendix  13  of  the  Report  of  the  U.  S.  Coast  and  Geo- 
detic Survey  for  1880.  The  following  discussion  is  partly  from 
that  source. 

Adjustments  of  the  Alidade 

114.  To  Make  the  Axes  of  the  Plate  Bubbles  Parallel  to 
the  Plane  of  the  Table.  Level  the  table  with  the  alidade 
in  any  position,  noting  the  readings  of  the  bubbles.  Mark  the 
exact  position  of  the  alidade  on  the  table,  take  it  up  carefully, 
and,  reversing  it  end  for  end,  replace  it  by  the  same  marks.  If 
the  bubbles  now  have  the  same  readings  as  before,  with  refer- 
ence to  the  table  they  are  parallel  to  the  plane  of  the  table.  If 
not,  adjust  the  bubbles  for  one  half  the  movement  and  try  again. 

115.  To  Cause  the  Line  of  Sight  to  Revolve  in  a  Vertical 
Plane.  This  adjustment  is  the  same  as  in  the  transit  It  need 
not  be  made  with  such  extreme  accuracy,  however,  and  the 
plumb-line  test  is  sufficient.  With  the  instrument  carefully 
levelled,  cause  the  line  of  sight  to  follow  a  plumb-line  through 
as  great  an  arc  as  convenient.  If  the  line  of  sight  deviates  from 
the  plumb-line  raise  or  lower  one  end  of  the  transverse  axis  of 
the  telescope,  until  it  will  follow  it  with  sufficient  exactness. 

116.  To  Cause  the  Telescope  Bubble  and  the  Vernier  on 
the  Vertical  Arc  to  Read  Zero  when  the  Line  of  Sight  is 
Horizontal.  This  adjustment  is  also  the  same  as  in  the 
transit.  The  methods  given  for  the  transit  may  be  used  with 
the  plane  table,  or  a  sea  horizon  may  be  used  as  establishing  a 
horizontal  line,  or  a  levelling  instrument  may  be  set  up  beside 
the  plane  table  having  the  telescopes  at  the  same  elevation,  and 
both  lines  of  sight  turned  upon  the  same  point  in  the  horizontal 
plane  as  determined  by  the  level.  The  bubble  and  vernier  are 
then  both  adjusted  to  this  position  of  telescope. 
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This  adjustment  is  important  if  elevations  are  to  be  deter- 
mined either  by  vertical  angles  or  by  horizontal  lines  of  sight 
If  only  geographical  position  is  sought  this  adjustment  may  be 
neglected. 

The  Use  of  the  Plane  Table  i 

117.  In  Using  the  Plane  Table  at  least  two  points  on  the 
ground  must  be  plotted  on  the  paper  to  the  scale  of  the  map 
before  the  work  of  locating  other  points  can  begin.  This 
requires  that  the  distance  between  these  points  shall  be  known, 
which  distance  becomes  the  base-line  for  all  locations  on  that 
sheet.  Any  error  in  the  measurement  or  plotting  of  this  line 
produces  a  like  proportional  error  in  all  other  lines  on  the  map. 

The  plane  table  is  set  over  one  of  these  plotted  points,  the 
fiducial  edge  of  the  ruler  brought  into  coincidence  with  the  two 
points,  and  the  table  revolved  until  the  line  of  sight  comes  on 
the  distant  point.  The  table  is  now  clamped  and  carefully  set 
by  the  slow-motion  screw  in  this  p)osition,  when  it  is  said  to  be 
orieniedy  or  in  position. 

In  Figs.  57  and  58  let  T,  T/  Ty"  T,'"  represent  the  plane- 
table  sheet  and  the  points  a  and  p  the  original  plotted  points. 
The  corresponding  points  on  the  ground  are  A  and  P,  the  latter 
being  covered  by  p  in  Fig.  57,  and  the  former  by  a  in  Fig.  58. 
In  Fig.  57,  the  plotted  point  p  is  centred  over  the  point  P,  the 
ruler  made  to  coincide  with  ap,  and  the  telescope  made  to  read 
on  A  by  shifting  the  table.  For  plotting  the  directions  of  other 
objects  on  the  ground,  the  alidade  is  made  to  revolve  aboul  p 
just  as  the  transit  revolves  about  its  centre.  A  needle  is  some- 
times stuck  at  this  point,  and  the  ruler  caused  to  press  against 
it  in  all  pointings,  but  this  defaces  the  sheet.  Other  pointings 
are  now  made  to  B,  C,  and  Z>,  which  may  be  used  as  stations, 


*  For  the  more  accurate  methods  of  doing  plane  table  problems  see  Appendix 
8,  U.  S.  C.  and  G.  Survev  Report  for  1897-8,  by  D.  B.  Wainwrighl. 
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A. 


Fig.  57. 


.B 


Ac 


Fio.  58.— Resection  with  Plane  Table. 
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and  also  to  a  chimney  {ch,),  a  tree  (/.)»  a  cupola  (cup.),  a  spire 
(sp.)y  and  a  mindwUl  {w.m.).  Short  lines  are  drawn  at  the 
estimated  distance  from  p,  and  these  marked  with  letters,  as  in 
the  figure,  or  by  numbers,  and  a  key  to  the  numbers  kept  in 
the  sketch-  or  note-book. 

The  table  is  now  removed  to  A,  the  other  known  point,  and 
set  with  the  point  a  on  the  plot  over  the  point  A  on  the  groimd, 
when  the  table  is  approximately  oriented.  The  ruler  is  now  set 
as  shown  in  Fig.  57,  coinciding  with  a  and  />,  but  pointing 
towards  p.  The  table  is  then  swung  in  azimuth  until  the  line  of 
sight  falls  on  P,  when  it  is  clamped.  It  is  now  oriented  ^  for 
this  station,  and  pointings  are  taken  on  all  the  objects  sighted 
from  P,  and  on  such  others  as  may  be  sighted  from  subsequent 
stations,  the  alidade  now  revolving  about  the  point  a  on  the 
paper.  The  intersections  on  the  plot  of  the  two  pointings  taken 
to  the  same  object  from  A  and  P  will  evidently  be  the  true  posi- 
tion on  the  plot  for  those  points  with  reference  to,  and  to  the 
scale  of,  the  line  ap.    These  intersections  are  shown  in  Fig.  58. 

It  is  evident  that  if  other  points,  as  D  or  C,  be  now  occu- 
j)ied,  the  table  oriented  on  either  A  or  P,  and  pointings  taken 
on  any  of  the  objects  sighted  from  both  A  and  P,  the  third  or 
fourth  line  drawn  to  the  several  objects  should  intersect  the 
first  two  in  a  common  point.  This  furnishes  a  check  on  the 
work,  and  should  be  taken  for  all  important  points.  It  is  pref- 
erable also  to  have  more  than  two  points  on  the  sheet  previously 
determined.  Thus,  if  B  were  also  known  and  plotted  at  6,  when 
the  table  had  been  oriented  on  any  other  station,  and  a  pointing 
taken  to  B,  the  fiducial  edge  of  the  ruler  should  have  passed 
through  ft. 

As  fast  as  intersections  are  obtained  and  ]X)ints  located  the 
accompanying  details  should  be  drawn  in  on  the  map  to  the  proper 


*  It  will  l)e  noted  tliat  ihis  [>rtMess  of  orienting  the  plane  table  is  practically 
identical  with  that  by  which  the  limb  of  the  transit  is  oriented  in  traversing 
(Art.  91). 
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scale.  If  distances  are  read  by  means  of  stadia  wires  on  a  rod 
held  at  the  various  points  (see  Chapter  VIII),  then  a  single  point- 
ing may  locate  an  object,  the  distance  being  taken  off  from  a 
scale  of  equal  parts,  and  the  point  at  once  plotted  on  the  proper 
direction-line.  It  is  now  common  to  do  this  in  all  detail  plane- 
table  surveying. 

ii8.  Location  by  Resection.  This  consists  in  locating 
(he  poifUs  occupied  by  pointings  to  known  and  plotted  points. 
The  simple  case  is  where  a  single  pointing  has  been  taken  to 
this  point  from  some  known  point,  and  a  line  drawn  through 
it  on  the  sheet.  It  is  not  known  what  point  on  this  line  repre- 
sents the  plotted  position  of  this  station.  The  setting  of  the 
instrument  can  therefore  be  but  approximate,  but  near  enough 
for  all  purposes.  The  table  can  be  oriented  as  before,  there 
being  one  pointing  and  corresponding  line  from  a  known  point. 
A  station  is  then  selected,  a  pointing  to  which  is  as  nearly  90 
degrees  from  the  rienting  line  as  possible,  and  the  alidade  so 
placed  that  while  the  telescope  sights  the  object  the  fiducial  edge 
of  the  ruler  passes  through  the  plot  of  the  same  on  the  sheet. 
The  intersection  of  this  edge  with  the  former  line  to  this  station 
gives  the  station's  true  position  on  the  sheet  This  letter 
operation  is  called  resection.  Another  resection  from  any  other 
determined  point  may  be  made  for  a  check. 

119.  To  Find  the  Position  of  an  Unknown  Point  by 
Resection  on  Three  Known  Points.  This  is  known  as  the 
Three-point  Problem^  and  occurs  also  in  the  use  of  the  sextant 
in  locating  soundings.  It  is  fully  discussed  in  that  connection 
(see  Art  241),  so  that  pnly  a  mechanical  solution  suitable 
for  the  problem  in  hand  will  be  given  here.  It  is  understood 
there  are  three  known  ix)ints,  Ay  By  and  C,  plotted  in  a,  b,  and 
^  on  the  map.  The  table  is  set  up  over  any  given  point  (not 
in  the  circumference  of  a  circle  through  Ay  By  and  C).  Fasten 
a  piece  of  tracing-paper,  or  linen,  on  the  board,  and  mark  on 
it  a  [x)int  p  for  the  station  P  occupied.  Level  the  table,  but  of 
course  it  cannot  be  oriented.    Take  ix)in tings  io  Ay  By  and  C, 
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and  draw  lines  on  the  tracing-paper  from  p  towards  o,  6,  and  c, 
long  enough  to  cover  these  distances  when  drawn  to  scale.  Re- 
move the  alidade  and  shift  the  tracing-paper  until  the  three  lines 
drawn  may  be  made  to  coincide  exactly  with  the  three  plotted 
points  o,  6,  and  c.  The  point  p  is  then  the  true  position  of  this 
point  on  the  sheet  This  being  pricked  through,  the  table  may 
now  be  oriented  and  the  work  proceed  as  usual. 

120.  To  Find  the  Position  of  an  Unknown  Point    by 
Resection  on  Two  Kaown  Points.    This  is  called  the  Two- 


FiG.  59. — ^Two  Point  Method. 

point  Problem,  and  but  one  of  several  solutions  will  be  given. 
It  is  evident  that  if  the  table  could  be  properly  oriented  over 
the  required  point,  its  position  on  the  sheet  could  be  at  once 
found  by  resection  on  the  two  known  points.  The  table  may 
be  oriented  in  the  following  manner:  Let  A  and  B  be  the  knovirn 
points  plotted  in  a  and  b  on  the  sheet,  Fig.  59.  Let  C  be  the 
unknown  point  whose  position  c  on  the  sheet  is  desired.  Select  a 
fourth  point  Z>,  which  may  be  occupied,  and  so  placed  that  inter- 
sections from  C  and  Z?  on  i4  and  B  will  give  angles  between  30  and 
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1 20  degrees.  Fasten  a  piece  of  tracing  linen  or  paper  on  the 
board,  marking  a  point  d'  at  random.  Set  up  over  D,  orienting 
the  table  as  nearly  as  may  be  by  the  needle  or  otherwise.  Draw 
lines  from  J'  towards  A,  B,  and  C.  Mark  off  on  the  latter  the 
estimated  distance  to  C,  to  scale,  calling  this  point  C  Set  up 
over  C,  with  c'  over  the  station,  orienting  on  D  by  the  line  c'd\ 
This  brings  the  table  parallel  to  its  former  position  at  D.  From 
(f  draw  lines  to  A  and  5,  intersecting  the  corresponding  lines 
drawn  from  d'  in  a'  and  b\  We  now  have  a  quadrilateral  a'Vc^df 
similar  to  the  quadrilateral  formed  by  the  true  positions  of  the 
plotted  points  abed,  but  it  differs  in  size,  since  the  distance  c'd' 
was  assumed,  and  also  in  position  (azimuth),  since  the  table  was 
not  properly  oriented  at  either  station.  Remove  the  alidade, 
and  shift  the  tracing  until  the  line  a'6'  coincides  with  a  and  b 
on  the  sheet.  Replace  the  alidade  on  the  tracing,  bringing  it 
into  coincidence  with  cV,  c'6',  or  c'd\  and  revolve  the  table  on 
Us  axis  until  the  line  of  sight  comes  upon  A,  5,  or  Z>,  as  the 
case  may  be.  The  table  is  now  oriented,  when  the  true  posi- 
tion of  c  may  be  readily  found  by  resecting  from  a  and  b,  which, 
when  pricked  through,  gives  its  position  on  the  sheet. 

The  student  may  show  how  the  same  result  could  have  been  obtained  with- 
out the  aid  of  tracing-paper. 

If  the  fourth  point  D  may  be  taken  in  range  with  A  and  B, 
the  table  may  be  properly  oriented  on  this  range,  and  a  line 
drawn  towards  C  from  any  point  oh  this  range  line  on  the  plot. 
Then  C  is  occupied,  and  the  table  again  properly  oriented  by 
this  line  just  drawn,  when  the  true  ix)sition  of  c  may  be  found 
by  resecting  from  a  and  6,  as  before. 

In  general,  if  the  table  can  be  properly  oriented  over  any 
unknown  point  from  which  sights  may  be  taken  to  two  or  more 
known  (plotted)  points,  the  p)osition  of  this  unknown  ix)int  is 
at  once  foimd  by  resection  from  the  known  points. 

The  student  would  do  well  to  look  upon  the  table  and  the 
attached  plot  as  analogous  to  the  graduated  horizontal  limb  in 
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the  transit.  The  principles  and  methods  of  orienting  are  pre- 
cisely similar,  the  pointings  dififering  only  in  this,  that  with  the 
transit  the  horizontal  angle,  referred  to  the  meridian,  is  read 
off,  recorded,  and  afterwards  plotted,  while  with  the  plane  table 
this  bearing  is  immediately  drawn  upon  the  sheet. 

121.  The  Measurement  of  Distances  by  Stadia.  This 
method  of  determining  short  distances  is  now  generally  used  in 
connection  with  the  plane  table.  It  is  fully  discussed  in  Chap- 
ter VIII,  where  the  principles  of  its  action  and  its  use  with  the 
transit  are  given  at  length.  The  same  principles,  field  methods, 
and  tables  apply  to  its  use  with  the  plane  table,  with  such  modi- 
fications as  one  accustomed  to  the  use  of  the  plane  table  would 
readily  introduce.  When  used  in  this  way  it  enables  a  point 
to  be  plotted  from  a  single  pointing,  it  being  located  by  polar 
coordinates  (azimuth  and  distance),  instead  of  by  intersections. 

EXERCISES  WITH  THE  PLANE  TABLE 

1.  Make  a  plane-table   survey  of   the    college    campus,  measuring  the  length 
of  one  side  for  a  base. 

2.  Having  located  several   points  on  the  sheet  by  intersectionsj  occupy  them 
and  check  their  location  by  resection. 

3.  Locate  a  point   (not  plotted)  by  resection   on    three   known   points    (Art. 

"9)- 

4.  Locate  a    point   (not    plotted)   by  resection    on   two    known  points,  first 

taking  the  auxiliary  point  D  not  in  line  with  AB^  and  then  by  taking  it  in  line 
with  AB,  This  gives  a  check  on  the  position  of  the  point,  and  shows  the 
advantages  of  the  second  method  when  it  is  feasible. 
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CHAPTER  VI 

additional  instruments  uskd  in  surveying  and 
plotting 

The  Aneroid  Barometer 

122.  The  Aneroid  Barometer  consLsta  of  a  circular  me- 
tallic box,  hermetically  scalerl,  one  side  being  covered  by  a 
corrugated  plate.  The  air  is  mostly  removed,  enough  only 
being  left  in  to  compensate  the  diminished  stiffness  of  the  cor- 


Fio.  58. — Aneroid  Baromeler. 

rugated  cover  at  higher  temperatures.  This  cover  rises  or  falls 
as  the  outer  pressure  is  less  or  greater,  and  this  slight  motion  Ls 
greatly  multiplied  and  transmitteri  to  an  index  [X)inter  moving 
over  a  scale  on  the  outer  face.    The  motion  of  the  index  is  com- 
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pared  with  a  standard  mercurial  barometer  and  the  scale  grad- 
uated accordingly.  Inasmuch  as  all  barometric  tables  are  pre- 
pared for  mercurial  barometers,  wherein  the  atmospheric  pressure 
is  recorded  in  inches  of  mercury,  the  aneroid  barometer  is  grad- 
uated so  that  its  readings  are  identical  with  those  of  the  mercurial 
colunm. 

Fig.  60  shows  a  form  of  the  aneroid  designed  for  eleva- 
tions to  4000  feet  above  or  to  2000  feet  below  sea  level.  It  has 
a  vernier  attachment  and  is  read  with  a  magnifying  glass  to 
single  feet  of  elevation.  It  must  not  be  supposed,  however, 
that  elevations  can  be  determined  with  anything  like  this  degree 
of  accuracy  by  any  kind  of  barometer.  The  barometer  simply 
indicates,  the  pressure  at  the  given  time  and  place,  but  for  the 
same  place  the  pressure  varies  greatly  from  various  causes.  All 
barometric  changes,  therefore,  cannot  be  attributed  to  a  change 
in  elevation,  when  the  barometer  is  carried  about  from  place 
to  place. 

If  two  barometers  are  used  simultaneously,  which  have  been 
duly  compared  with  each  other,  one  at  a  fixed  point  of  known 
elevation  and  the  other  carried  about  from  point  to  point  in  the 
same  locality,  as  on  a  reconnoissance,  then  the  two  sets  of  readings 
will  give  very  close  approximations  to  the  differences  of  elevation. 
If  the  difference  of  elevation  between  distant  points  is  desired, 
then  long  series  of  readings  should  be  taken  to  eliminate  local 
changes  of  pressure..  The  aneroid  barometer  is  better  adapted 
to  surveys  than  the  mercurial,  since  it  may  be  transported  and 
handled  with  greater  ease  and  less  danger.  It  is  not  so  absolute 
a  test  of  pressure,  however,  and  is  only  used  by  exploring  or 
reconnoissance  parties.  For  fixed  stations  the  mercurial  barom- 
eter is  to  be  preferred.  It  has  been  found  from  experience  that 
the  small  aneroids  of  i  J  to  2 i  inches  diameter  give  as  accurate 
results  as  the  larger  ones. 

123.  Barometric  Formulas.  In  the  following  derivation  of 
the  fundamental  barometric  formula  the  calculus  is  used,  so 
that  the  student  will  have  to  take  portions  of  it  on  trust  until 
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he  has  studied  that  branch  of  mathematics.     All  that  follows 
Eq.  (4)  he  can  read. 

Let  H  =height  of  the  "homogeneous  atmosphere''  *  in  lat.  45°. 
h  =corresponding  height  of  the  mercurial  column. 
5=the  relative  density  of   the   "homogeneous   atmos- 
phere" with  reference  to  mercury. 
2  =difference   of   elevation   between    two    points,    with 
barometric  readings  of  A'  and  Ai,  at  the  higher 
and  at  the  lower  point  respectively. 
Then   from   the   equilibrium  between   the   pressures  of   the 
mercurial  column  and  atmosphere  we  have: 

h^dH (i) 

Also,  for  a  small  change   in   elevation,   dzy   the  corresponding 
change  in  the  height  of  the  mercurial  column  would  be 

dh^ddz  (2) 

Substituting  in  (2)  the  value  of  ^  as  given  by  (i),  we  have: 

dh  =—dz; 
H 

or,  ^^^T        •     (3) 

Integrating  (3)  between  the  limits  A'  and  h\  we  have: 

^=^a^^        '-/^ ^'^ 

**' Homogeneous  atmosphere"  signifies  a  purely  imaginary  condition  wherein 
the  atmosphere  is  supposed  to  l)e  of  uniform  density  from  sea  level  to  such  upper 
limit  as  may  be  necessary  to  give  the  observed  pressure  at  the  observed  temper- 
ature. 
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where  the  logarithm  is  in  the  Napierian  system.  Dividing  by 
the  modulus  of  the  common  system  to  adapt  it  to  computation 
by  the  ordinary  tables,  we  have: 

hi 
2  =2.30258  ^log^- (5) 

If  H^  be  the  height  of  the  homogeneous  atmosphere  at  a 
temperature  of  32°  F.,  and  if  h^  be  the  height  of  the  mercurial 
column  at  sea-level  at  same  temperature,  and  if  g^  and  g^  be 
the  specific  gravities  of  mercury  and  air  respectively,  then, 
evidently, 


^oSa  =h^^ 


my 


or,  H„J^       (6) 

ga 

From  experiment  we  have: 

A^  =29.92  inches, 
gm  =13.596 

ga  =0.001293 

whence  H^  =  26, 2  20  feet. 

This  is  on  the  assumption  that  gravity  is  constant  to  this 
height  above  sea  level.  When  this  is  corrected  for  variable 
gravity  we  have: 

27^=26,284  feet (7) 

Equation  (7)  gives  the  height  of  the  homogeneous  atmos- 
phere at  a  temperature  of  32°  F.  But  since  the  volume  of  a  gas 
under  constant  pressure  varies  direcdy  as  the  temperature,  and 


ADJUSTME^JT,  USE,  AND  CARE  OP  INSTRUMENTS      133 

smce  the  coefficient  of  expansion  of  air  is  0.002034  for  1°  F.,  we 
have  for  the  height  of  the  homogeneous  atmosphere  at  any 
temperature: 

/f=/fji +0.002034  (/ --32°)]  ...     (8) 

If  the  temperature  chosen  be  the  mean  of  the  temperatures  at 
the  two  poiiiis  of  observation,  as  /'  and  /i  for  the  upper  and  lower 
points  respectively,  then  we  should  have: 

Jf  =fl'J  I  +0.002034^— ^-32 j 

=26,284  [i -I-0.001017  (/'+/i— 64)]         ...     (9) 

Substituting  this  value  of  H  in  Eq.  (5)  we  obtain : 


hi 
^=60,520 [i +0.001017  (/'+/i  — 64)]  log— .     .     .     (10) 

ft' 


If  we  wish  to  refer  this  equation  to  approximate  sea  level  (height 
of  mercurial  column  of  30  inches)  and  to  a  mean  temperature 
of  the  two  stations  of  50°  F.,  we  may  write: 


39 

log  -  =  log  —  =log  —  -  log  — . 
h  30  /r  hi 

h^ 


Also,  when  /'+/i  =100°,  we  have 


/'+/i-64=36^ 
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Substituting  these  equivalents  in  Eq.  (lo),  we  obtain: 
2=60520  (i -fo.ooioi 7X36) Hog— -log  ^j, 


2  =62737  log  ^-62737  log  ^ (11) 

In  this  equation,  the  two  terms  of  the  second  member  repre- 
sent the  elevations  of  the  upper  and  lower  points  respectively, 
above  a  plane  corresponding  to  a  barometric  pressure  of  30 
inches  and  for  a  mean  temperature  of  the  two  positions  of  50^  F. 

Table  I.  is  computed  from  this  equation,  the  arguments  being 
the  readings  of  the  barometer,  A'  and  Ai  at  the  upper  and  lower 
stations  respectively,  the  tabular  results  being  elevations  above 
an  approximate  sea  level.  The  difference  between  the  two 
tabular  results  gives  the  difference  of  elevation  of  the  two  points, 
for  a  mean  temperature  of  50°  and  no  allowance  made  for  the 
amount  of  aqueous  vapor  in  the  air.  For  other  temperatures, 
and  for  the  effect  of  the  humidity  (which  is  not  observed,  but 
the  average  conditions  assumed  to  exist),  a  certain  correction 
needs  to  be  applied,  which  correction  is  not  an  absolute  amount, 
but  is  always  a  certain  proportion  of  the  difference  of  elevation 
as  obtained  from  Eq.  (11)  or  table  I.  If  the  two  elevations 
taken  from  the  table  be  called  A^  and  i4i,  and  the  correction  for 
temperature  and  humidity  be  C,  we  would  have; 

2=(yl'-Xi)  (i+C) (12) 

It  is  seen,  therefore,  that  C  is  a  coefficient  which,  when  mul- 
tiplied into  the  result  obtained  from  table  I.,  gives  the  correction 
to  be  applied  to  that  result.  The  values  of  C  are  given  in  table 
II.  for  various  values  of  /'+/i. 

The  following  example  will  illustrate  the  use  of  the  tables: 
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TABLE  I.     BAROMETRIC   ELEVATIONS' 
Conubing  4  —  6173;  log  — .     A^umenl,  k. 


Khs. 

P«l. 

F« 

Inchs. 

Peet. 

F« 

Inches. 

P«i. 

F«t-- 

...0 

27-336 

—24.6 

14 

0 

M>,765 

—  19.^ 

17 

0 

15.476 

—16.0 

37.090 

'4 

10.570 

17 

■S.3'6 

;;:i 

16.604 
26.364 

24 

34 

34 
33 
93 
23 
^3 
.3 

8 
6 

° 

14 

3 

20,377 
10,186 
"9,997 

19 

iS 

8 

17 
17 
17 

3 

15.157 

14.999 
14.842 

IS -9 
15.8 
15-7 
15.6 

«i-3 

>6.ii6 

14 

5 

19,809 

18 

■8 
18 

17 

5 

14,686 

u.i 

>S.S90 
.5.656 
15.414 

14 

14 

6 
7 
S 

19.623 
'9.437 
19.232 

5 

'7 

17 

6 
7 
8 

'4,53' 
14,377 
14.223 

15 -5 
15-4 
'5-4 

l'-9      JS.'9-t 

14 

9 

19,068 

18 

•7 

9 

14.070 

15-3 

.j.o      24.966 

l\ 

^ 

IS 

0 

18,886 

' 

iS 

0 

13.918 

iS-» 

IJ.l      14.740 
11.  J      14.5'^ 

z 

4 

'S 

J 

i8,7o5 
18.525 

iS 

ft 

18 

\ 

13.767 
'3.617 

15-1 
150 

11.3      14.194 

L 

J 

'S 

3 

18,346 

1' 

18 

3 

13.468 

14.9 
14.9 

11.4      14.073 

9 

'5 

4 

18.168 

iS 

4 

'3,319 

12-5      13,854 

'5 

5 

'7.992 

'' 

iS 

5 

13.17' 

•4-7 

IJ.6 

»3.637 

I! 

6 

'5 

6 

17.817 

^ 

.8 

6 

■3,025 

14-7 

.4.6 
14.6 

■I- J 

J3.4»i 

^ 

4 

15 

7 

17.643 

* 

18 

7 

■2,879 

1J.8 

.3.*=7 

" 

>5 

8 

17.470 

17 

■' 

18 

8 

■2,733 

11. g 

>i.W3 

° 

'S 

9 

'7.*98 

'' 

' 

18 

9 

12,589 

14.4 

IJ.O 

",785 
11,576 

11 

16 

16 

° 

'7,'37 

16,958 

16 

9 

'9 
'9 

° 

'2,445 
11,301 

14-4 

14.3 

'i-' 

«,368 

20 
20 

^ 

16 

1 

16,789 

'^ 

^ 

■9 

2 

12.160 

14.2 

'J-3 

J»,i6a 

16 

3 

16.621 

16 

'Q 

3 

12.018 

14-2 

1J.4 

",9S8 

!^ 

* 

t6 

4 

16.454 

6 

19 

4 

..,877 

14-1 

'3-S 
IJ.6 

".757 
",557 

19 

19 
—19 

9 
S 

s 

16 

16 

s 

6 

r6.28a 

16,124 

16 
16 
16 

'9 
19 

5 

6 

■',737 
11.598 

13-9 

■3-7 
.3.8 

«.3S8 
11.160 

16 
16 

7 
8 

13,961 
■5.798 

3 

'9 

7 
8 

".459 
11,321 

■3-8 

'3-9 

10,961 

»,765 

7 

16 

9 

15.636 

15.476 

-16 

° 

19 

' 

....84 
■1,047 

■3-7 
—  ■3-7 
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TABLE  I.     Barometric  Elevations — Continued 


30 
Containing  /I  =62737  ^^  — •     Argument,  h. 

h 


h. 

A. 

Dif.  for 
.01. 

h. 

A. 

Dif.  for. 
.01. 

h. 

A. 

Dif.  for 
.01. 

Inches. 

Feet. 

Feet. 

1 
Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

Feet. 

20.0 

11,047 

—13.6 

23.0 

7,239 

—II. 8 

.  26.0 

3.899 

— 10. c 

20.1 

10,911 

»-/ 

23-1 

7,121 

26.1 

3,794 

^f 

20.2 

10,776 

13-5 

23.2 

7,004 

II. 7 

26.2 

3,690 

10.4 

20.3 

10,642 

13-4 

23-3 

6,887 

II. 7 

26.3 

3,586 

10.4 

20.4 
20.5 
20.6 

10,508 

io»375 
10,242 

13-4 
13-3 

13-2 

23-4 

23-5  ' 
23.6 

6,770 
6,654 

6,538 

II. 7 
II. 6 
II. 6 

II-5 

26.4 
26.5 
26.6 

3,483 
3.380 

3,277 

10.3 
10.3 
10.3 

10.2 

20.7 

10,110 

\^ 

23-7  ' 

6,423 

w 

26.7 

3,175 

20.8 

9>979 

13-1 

.3.8 

6,308 

"•5 

26.8 

3,073 

10.2 

20.9 

9,848 

13-1 

23-9 

6,194 

II. 4 

26.9 

2,972 

10. 1 

21.0 

9,718 

13.0 

24.0 

6,080 

II. 4 

27.0 

2,871 

10. 1 

21. 1 

9*589 

12.9 

24.1 

5,07 

II-3 

27.1 

2,770 

10. 1 

21.2 

9,460 

12.9 
12.8 

24.2 

5,854 

"•3 
"•3 

27.2 

2,670 

10. 0 
10. 0 

21.3 

9,332 

12.8 

1   24.3 

5,741 

II. 2 

27.3 

2,570 

lO.O 

21.4 

9,204 

12.7 

1  24.4 

5,629 

—     0 

II. 1 

27.4 

2,470 

9-9 

21.5 
21.6 

21.7 

21.8 

9,077 

8,951 
8,825 

8,700 

12.6 
12.6 

12.5 
12.5 

24.5 
24.6 

24.7 

24.8 

5,518 
5,407 
5,296 

5,i8r) 

II. I 
II. I 

II. 0  ! 
10.9 

27.5 
27-6 

27.7 
27.8 

2,371 
2,272 

2,173 
2,075 

9-9 
9.9 
9.8 
9.8 

21.9 

8,575 

24.9 

5,077 

. 

27.9 

1,977 

^ 

22.0 

8,45^ 

12.4 

25.0 

4,968 

10.9 

28.0 

1,880 

9.7 

22.1 
22.2 

8,327 
8,204 

12.4 
12.3 

25-1 
25.2 

4,859 
4,751- 

10.9 

10.8 

—  ^      0 

28.1 
28.2 

1,783 
1,686 

9.7 
9-7 

22.3 

8,082 

12.2 
12.2 

25-3 

4,643 

10.8 

10.8 

28.3 

1,589 

9-7 
9.6 

9.6 

9-5 
9-5 

22.4 

22.5 
22.6 

7,960 
7,838 
7,717 

12.2 
12. 1 
12.0 

25-4 

25-5 
25.6 

4.535 
4,428 

4,321 

10.7 

10.7 

10.6 

28.4 
28.5 
28.6 

1,493 

1,397 
1,302 

22.7 
22.8 

7,597 
7,477 

12.0 

25-7 
25.8 

4,215 
4,109 

10.6 

28.7 
"    28.8 

1,207 
1,112 

7     •/ 

9.5 

22.9 

7,358 

11,9 

25-9 

4.004 

10.5 

28.9 

29.0 

1 

1,018 

9.4 

23.0 

7,239 

II. 9 

1 
1 

26.0 

3.8Qg 

—10.5 

924 

—9.4 
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TABLE  I.    Barometric  Elevations— CoM/«ntt«/ 

30 
Containing  /I  =62737  log  — .     Argument,  h. 

h 


k. 

A. 

Dif.  for 
.01. 

h. 

A. 

Dif.  for 
.01. 

h. 

A. 

Dif.  for 
.01. 

Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

Feet. 

Inches. 

Feet. 

Feet'. 

29.0 

924 

29.7 

274 

30-4 

361 

29.2 
29.3 

830 
736 

643 

—9.4 
9.4 
9-3 
9-3 

29.8 
29.9 
30.0 

182 

91 
00 

—9.2 

9.1 
9.1 
9.1 

30.5 
30.6 

30-7 

45  ^ 
540 
629 

—9.0 
8.9 

8.9 

8.8 

^.4 

29.5 
29.6 

550 

458 
366 

9.2 
9.2 

30.1 
30.2 

30-3 

—91 
181 
271 

9.0 
9.0 

30.8 

30.9 
31.0 

717 
805 

—893 

8.8 
—8.8 

29.7 

274 

—9.2 

30-4 

361 

—9.0 

TABLE  II 

CORRECTION     COEFFICIENTS     TO     BAROMETRIC     ELEVATIONS 
FOR  TEMPERATURE  AND    HUMIDITY* 


/l+f. 

C. 

U-^f. 

c. 

<!  +  <'. 

c. 

0° 

—  0.1025 

60 

-0^0380 

120 

-f  0.0262 

5 

-    .0970 

65 

-  .326 

125 

+  -0315 

10 

-    .0915   . 

70 

-"  -0273 

130 

+  .0368 

15 

-    .0860 

75 

—    .0220 

^35 

+    .0420 

20 

-    .0806 

80 

—    .0166 

140 

+  .0472 

25 

-    .0752 

85 

—    .0112 

145 

+  .0524 

30 

-    .0698 

90 

-  .0058 

150 

+  .0575 

3S 

-    .0645      ; 

95 

—    .0004 

155 

+    .0626 

40 

-    .0592 

100 

-1-  .0049 

160 

+  .0677 

45 

-    -0539 

105 

+   .0102 

165 

+  .0728 

50 

-    .0486 

no 

-1-  .0156 

170 

+  .0779 

55 

-    .0433 

"5 

+   .0209 

•  175 

+  .0829 

60 

-    .0380 

120 

1 

+    .0262 

180 

+  .0879 

'  TTls  table  was   compiled  from  tables  I  and  IV  of  Appendix    lo  of  Report  of  U.  S 
Cottt  and  Geodetic  Survey  for  1881. 
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Example. 

From  observations  made  at  Sacramento,  Cal.,  and  at  Summit, 
on  the  top  of  tlie  Sierra  Nevada  Mountains,  the  annual  means 
were: 


A'  =23.288  in.        /'  =42.1  F. 
Ill  =30.014  in.        /i  =59.9. 


From  table  I  we  have: 


.4' =6901.0  feet. 
Ai  =  —  12.7 


.4'-i4i  =6913.7 


From  table  II  we  find  for  /'  -f /i  =102.0°,  C  =  -[-.0070. 

ar  =6913.7  (i  H  .0070)  =6962  feet. 

124.  Use  of  the  Aneroid.  The  aneroid  barometer  should 
be  carried  in  a  leather  case,  and  it  should  not  be  removed  from 
it.  It  should  be  protected  from  sudden  changes  of  temperature, 
and  when  observations  are  made  it  should  have  the  temperature 
of  the  surrounding  outer  air.  It  should  not  be  carried  so  as  to 
be  affected  by  the  heat  of  the  body,  and  should  be  read  out  of 
doors,  or  at  least  away  from  all  artificially  warmed  rooms.  Al- 
ways read  it  in  a  horizontal  position.  The  index  should  be 
adjusted  by  means  of  a  screw  at  its  back,  to  agree  with  a 
standard  mercurial  barometer,  and  then  this  adjustment  left 
untouched. 

When  but  a  single  instrument  is  used  it  is  advisable  to  pass 
between  stations  as  rapidly  as  possible,  but  to  stop  at  a  number 
of  stations  during  the  day  for  a  half-hour  or  so,  reading  the 
barometer  on  arrival  and  on  leaving.  The  difference  of  these 
two  readings  shows  the  rate  of  change  of  barometric  readings 
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due  to  changing  atmospheric  conditions,  and  from  these  isolated 
rales  of  change  a  continuous  correction-curve  can  be  constructed 
on  profile  or  cross-section  paper  from  which  the  instrumental 
corrections  can  be  taken  for  any  hour  of  the  day.^  The  obser- 
vations should  be  repeated  the  same  day  in  reverse  order,  the 
corrections  applied  as  obtained  from  this  correction  curve,  and 
the  means  taken.  Observations  should  be  made  when  the 
hunudity  of  the  air  is  as  nearly  constant  as  possible,  and  never 
in  times  of  changeable  or  snowy  weather. 

Let  the  student  measure  the  heights  of  buildings,  hills,  etc., 
and  then  test  his  results  by  level  or  transit. 

To  interpolate  elevations  between  two  points  whose  elevations 
are  known^  take  a  reading  at  the  first  known  point  and  pass 
rapidly  toward  the  other  known  point,  taking  intermediate 
readings  at  determinate  distances,  and  so  continue  until  the 
second  point  is  reached,  when  a  reading  is  also  taken  here.  The 
tnor  in  the  determination  between  the  two  known  points  may 
now  be  distributed  along  the  line  either  proportionately  to  the 
differences  of  elevation  or  to  the  intervening  time,  or  to  both, 
in  the  following  manner.  To  correct  for  the  time  changes  in 
the  barometric  readings,  return  at  once  to  the  first  known  point, 
and  take  duplicate  readings  at  all  the  intervening  points  at 
which  readings  were  previously  taken.  Note  the  discrepancy 
between  the  first  and  final  barometric  readings  at  the  initial 
station,  and  correct  all  intermediate  readings  for  their  corre- 
sponding time  intervals.  This  can  be  readily  done  graphically 
by  taking  time  as  one  coordinate  and  the  final  discrepancy  at 
the  initial  station  as  the  other,  and  joining  the  two  extreme 
points  of  these  lines  by  a  straight  line,  as  indicated  in  Fig.  6i 

Having  thus  made  the  time  correction,  the  barometric  read- 
ings may  be  corrected  for  elevation  by  another  graphical  dia- 
gram, such  as  is  shown  in  Fig.  62,  wherein  the  co-ordinates  are 

*  Mr.  Chas.  A.  Ashburner,  Geologist  of  the  Penn.  Geol.  Survey,  has  used 
tlus  method  with  good  results. 
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the  average  corrected  barometric  readings  at  the  several  stations 
and  the  known  difference  of  elevation  of  the  terminal  station. 
This  known  difference  of  elevation  thus  gives  a  true  interpreta- 
tion of  all  barometric  differences  independent  of  the  use  of 
any  particular  formula.  Presumably  the  time  corrections  have 
included  also  temperature  changes. 

This  method  of  levelling  between  known  points  is  commonly 
employed  in  Switzerland,  and  usually  by  going  over  the  route 
but  once.  In  this  case  the  time  change  could  be  corrected  by 
reading  a  duplicate  barometer  continuously  at  some  stationar)- 
point  in  the  immediate  vicinity. 


Barometric 
Discrepancy 
at  Sta,  A 


Av,  Corr^d  Bar,  Readings 
Fig.  62. 


Time  of  Readings 
Fig.  61. 


The  Pedometer 

125.  The  Pedometer  is  a  pocket-instrument  for  registering 
the  number  of  paces  taken  when  walking.  It  is  generally  made 
in  the  form  of  a  watch,  the  front  and  back  views  being  shown 
in  Figs,  63  and  64. 

When  the  instrument  is  attached  to  the  belt  in  an  upright 
position,  as  here  shown,  the  jar  given  it  at  each  step  causes  the 
weighted  lever  shown  in  Fig.  64  to  drop  upon  the  adjustable 
screw  S.  The  lever  recovers  its  position  by  the  aid  of  a  spring, 
and  in  so  doing  turns  a  ratchet-wheel  by  an  amount  propor- 
tional to  the  amplitude  of  the  lever's  motion.  This  may  be 
adjusted  to  any  length  of  pace  by  means  of  the  screw  S,  which 
is  turned  by  a  key.  The  face  is  graduated  like  that  of  a  watch, 
and  gives  the  distance  travelled  in  miles.  This  instrument 
may  also  be  used  on  a  horse,  and  when  adjusted  to  the  loigth 
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of  a  horse's  step  will  give  equally  good  results.  The  accuracy 
of  the  result  is  in  proportion  to  the  uniformity  of  the  steps,  after 
having  been  adjusted  properly  for  a  given  individual.  The 
instrument  is  only  used  on  ejtploratbns,  preliminary  surveys,  and 
teconnoissance-work. 

The  Length  of  Men's  Steps  has  been  investigated  by  Prof. 
Jordan,'  of  the  Hanover  Polytechnic  School.  From  256  step- 
measurements  by  as  many  different  individuals,  of  lines  from 


Fig.  63.— Front  View.  Fic.  64.— Back  Vnw. 

650  to  1000  feet  in  length,  carefully  measured  by  rods  and  steel 
tapes,  he  concludes  that  the  average  length  of  step  is  2.648  feet, 
ranging  from  2,066  to  3.182  feet.  The  mean  deviation  from 
this  amount  for  a  single  measurement  was  ±0.147  feet,  or  5^ 
per  cent.  The  average  age  of  the  persons  making  these  step- 
measurements  was  20  years.  The  length  of  Step  decreases  with 
the  age  of  the  individual  after  the  age  of  25  to  30  years.     It  is 

'  See  translation  in  Engineering  Neivs  fur  July  35,  iSSj. 
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also  proportional  to  the  height  of  the  person.     The  results  for 
18  diflferent-sized  persons  gave  the  following  averages: 


Height  of  person  . 

5'-o8 
2  .46 

5'- 25 
2-53 

5'-4< 

S'-58 
2-59 

5'-74 

2  .62 

5'-90 
2  .69 

6'.o7 

6'.  23 

6'.40 

6'.56 

Length  of  step  . . . 

2  .56 

2  .72 

2  .76 

2.79 

2.85 

On  slopes  the  step  is  always  shorter  than  on  level  ground, 
whether  one  goes  up  or  down.  The  following  averages  from 
the  step-measurement  of  136  lines  on  mountain-slopes  along 
trails  were  found : 


Slope 

o<> 

5° 

10° 

15° 

20° 

»5° 

30° 

Length  of  step  in  ascending 

2'.53 

2'.30  1  2'.03 

I '.84 

i'.64 

J'.48 

•'•25 

Length  of  step  in  descending 

2'.53 

2'.43    2'.36 

2'.30 

2'.  20 

i'-97    t'M 

The  length  of  the  step  is  also  found  to  increase  with  the 
length  of  the  foot.  One  steps  farther  when  fresh  than  when 
tired.  The  increase  in  the  length  of  the  step  is  also  in  nearly 
direct  proportion  to  the  increase  of  speed  in  walking. 

When  the  proper  personal  constants  are  determined,  and 
when  walking  at  a  constant  rate,  distances  can  be  determined 
by  pedometer,  or  by  counting  the  paces,  to  within  about  two 
per  cent  of  the  truth.  One  should  always  take  his  natural  step^ 
and  not  an  artificial  one  which  is  supposed  to  have  a  known 
value,  as  three  feet,  for  instance.  Let  a  base  be  measured  off 
and  each  student  determine  the  length  of  his  natural  step  when 
walking  at  his  usual  rate,  or,  what  is  the  same  thing,  find  how 
many  paces  he  makes  in  100  feet.  He  then  has  always  a  ready 
means  of  determining  distances  to  an  approximation,  which  in 
many  kinds  of  work  is  abundandy  sufficient. 
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TUE  Odohetes 

126.  The  Odometer  Ls  an  instrument  to  be  attached  to 
the  wheel  of  a  vehicle  to  record  the  number  of  revolutions  made 
by  it.  One  form  of  such  an  instrument  is  shown  in  Fig.  65, 
attached  to  the  spokes  of  a  wheel. 


Fio.  6s- 

Each  revolution  is  recorded  by  means  of  the  revolution  of 
an  axis  with  reference  to  the  instrument,  this  axis  really  being 
held  stationary  by  means  of  an  attached  pendulum  which  does 
not  revolve.  The  instrument  really  revolves  about  this  fixed 
Wis,  at  each  revolution  of  the  wheel,  and  the  number  of  times 
it  does  this  is  properly  recorded  and  mdicated  by  appropriate 
gearing  and  dials. 
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This  method  of  measuring  distances  is  more  accurate  than 
by  pacing,  as  the  length  of  the  circumference  of  the  wheel  is  a 
constant.  ThLs  length  multiplied  by  the  number  of  revolu- 
tions is  the  distance  travelled.  It  is  mostly  used  by  exploring 
[jarties  and  in  military  movements  in  new  countries  which  have 
not  been  surveyed  and  mapped. 

The  Clinometer 

127.  The  Clinometer  is  a  hand -instrument  for  determining 
the  slope  of  ground  or  the  angle  it  makas  with  the  horizon.  It 
consbts  essentially  of  a.  level  bubble,  a  graduated  arc,  and  a 
Ime  of  sight,  so  joined  that  when  the  line  of  sight  b  at  any  angle 
to  the  horizon  the  bubble  may  be  brought  to  a  central  position 
and  the  slope  read  off  on  the  graduated  arc.  Such  a  combi- 
nation is  shown  in  F^.  66.    It  is  called  the  Abney  level  and 


Fro.  66. 

clinometer,  being  really  a  hand  level  when  the  vernier  is  set  to 
read  zero.  The  position  of  the  bubble  is  visible  when  looking 
through  the  telescope,  the  same  as  with  the  Locke  hand  level, 
shown  in  Fig,  28,  p.  62,  The  body  of  the  tube  b  made  square, 
so  that  it  may  be  used  to  find  vertical  angles  of  any  surface  by 
placing  the  tube  upon  it  and  bringing  the  bubble  to  the  centre. 
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The  graduations  on  the  inner  edge  of  the  limb  give  the  slope 
in  terms  of  the  relative  horizontal  and  vertical  components  of 
any  portion  of  the  line;  thus,  a  slope  of  2  to  i  signifies  that  the 
horizontal  component  is  twice  the  vertical.  In  reading  this 
scale  the  edge  of  the  vernier  arm  is  brought  into  coincidence 
with  the  graduation. 

TTiis  instrument  is  very  useful  in  giving  approximate  slopes 
in  preliminary  surveys,  the  instrument  being  pointed  to  a  posi- 
tion as  high  above  the  groimd  as  its  own  elevation  when  held 
to  the  eye. 

The  Optical  Square 

128.  The  Optical  Square  is  a  small  hand  instrument  used 
to  set  off  a  right  angle.  It  is  shown  in  Fig.  67,  the  method  of 
its  use  being  evident  from  the  figure.  Thus,  while  the  rod  at 
0  is  seen  directly  through  the  opening,  the  rod  at  ^  is  seen  in 
the  glass  as  the  prolongation  downward  of  that  of  t?,  it  being 
reflected  from  the  mirrors  /  and  c  in  succession,  they  having 
an  angle  of  45°  with  each  other.  By  this  means  a  line  may  be 
located  at  right  angles  to  a  given  line  at  a  given  point,  or  a  point 
in  a  given  line  may  be  found  in  the  perpendicular  to  this  line 
from  a  given  point. 

The  Plahimeter 

129.  The  Planimeter  is  an  instrument  used  for  measuring 
areas  that  have  been  drawn  to  scale.  It  is  a  marked  example 
of  high  mathematical  analysis  embodied  in  a  very  simple  and 
useful  mechainical  appliance.  Three  of  the  best  forms  of  the 
instrument  will  be  described. 

Fig.  68  is  Amsler's  Polar  Planimeter.  It  consists  of  a  metal 
arm,  et,  carrying  a  needle  point  at  c  and  pivoted  at  i  to  a  frame 
through  which  slides  a  second  metal  arm,  A,  and  to  which  is 
attached  an  axis,  aft,  carrying  a  rolling  wheel,  c,  and  a  worm  gear 


17. — Optical  Square. 


Fic.  68.— Polar  Planimcter. 
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whkh  turns  a  record  disk,  /.  The  arm  h  may  be  adjusted  so 
that  any  required  length,  within  the.  limits  of  the  instrument, 
from  pivot  i  to  tracing  point  d  may  be  used. 

When  in  use  the  instrument  rests  on  three  points,  «,  rf,  and 
the  circumference  of  the  wheel  c.  To  measure  an  area,  the 
needle  point  e  is  fastened  in  the  drawing  in  a  convenient  posi- 
tion, and  the  point  d  made  to  circumscribe  the  required  area. 
This  causes  the  wheel  c  to  rotate,  and  the  number  of  revolutions 
made,  as  indicated  by  the  record  disk  /  and  the  vernier  m,  multi- 
plied by  a  constant,  is  the  required  area.  The  determination 
of  this  constant,  involving  the  theory  of  the  instrument,  will  be 
given  in  such  form  as  to  be  intelligible  to 
students  who  have  not  studied  the  calculus. 
130.  Theory  of  the  Polar  Planimeter.^ 
In  Fig.  69  the  essential  parts  of  the  instru 
ment  are  lettered  as  in  Fig.  68.  The 
instrument  is  so  constructed  that  the  angle 
^  can  never  be  less  than  o°  nor  more  than 
180°;  that  is,  neither  d  nor  c  can  cross  ei. 

Any  infinitesimal  portion  of  d*s  path, 
in  circumscribing  an  area,  as  dd\  may  be 
conceived  to  be  the  resultant  of  two  infini- 
tesimal component  motions,  ds  and  sd^; 
ds  being  described  by  a  motion  of  d  about 
f  as  a  centre,  the  angle  (/>  remainmg  fixed, 
while  sd'  is  motion  of  d  directly  toward  e,  or  normal  to  ds,  the 
angle  ^  changing  in  value.  Each  of  these  motions  has  its  due 
effect  in  moving  the  wheel  c  and  causing  it  to  turn.  For  a  given 
motion  of  either  class  the  amount  the  wheel  c  will  turn  depends 
on  the  value  of  the  angle  ^,  as  will  presently  be  shown.  It  is 
evident  that,  in  circumscribing  a  closed  area,  the  tracing  point 
will  move  as  much  toward  ^  as  it  does  from  e,  and  that  for  each 


Fig.  69. 


*  The  following  demonstration  has  been  given  the  author  by  Professor  Wm.  G. 
Raymond,  Dean  of  Engineering  College,  Iowa  University. 
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element  of  motion  toward  e  there  will  be  a  corresponding  element 
from  e  with  an  equal  value  of  ^.  Hence  the  resulting  turning 
of  the  wheel  for  radial  motion  oi  d  h  nil  and  need  not  be 
considered. 

Corresponding  right  and  left  elements  of  circumferential 
motion  of  d  are  not  made  with  equal  values  of  ^,  and  hence 
the  final  record  of  the  wheel  is  due  to  this  class  of  motion.  To 
show  the  effect  of  changes  in  ^  (Fig.  70). 

When  rf  is  so  situated  that  ecd 
is  a  right  angle,  motion  about  e, 
<!>  remaining  fixed,  causes  no  roll- 
ing of  the  wheel  c.  For  c  rotates 
about  e  as  a  centre  with  radius 
ec,  which  is  normal  to  the  axis 
of  the  wheel,  and  hence  the  axis 
of  the  wheel  lies  in  the  direction 
of  motion  and  the  wheel  slips. 
The  circumference  that  would 
thus  be  traced  by  rf,  ^  remaining 
fixed,  in  a  complete  revolution 
about  e,  is  called  the  zero  circumference.  Its  radius  ed  is  easily 
shown  to  be: 


and 


For  ^  less  than  this  value,  i.e.,  d  farther  from  e,  right-handed, 
or  clockwise,  motion  of  d  about  e  will  cause  c  to  partly  slip  and 
partly  roll,  and  a  moment's  consideration  will  show  that,  looking 
from  c  to  (2,  its  roll  will  be  clockwise.  Rolling  in  this  direction 
is  called  positive  and  the  wheel  is  accordingly  graduated. 

If,  on  the  other  hand,  d  be  brought  nearer  to  e  than  the  zero 
circumference,  clockwise  motion  of  d  about  e  causes  c  to  both 
slip  and  roll,  and  the  roll  is  counter  clockwise,  or  negative. 
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Left-handed  motion  of  d  will  cause  c's  roll  to  be  negatfue  for 
d  outside  the  zero  circumference  and  positive  for  d  inside  the 
zero  circumference. 

To  determine  the  relation  of  the  roll  of  the  wheel  lo  the  area 
circumscribed  (Fig.  71): 

Let  (W  be  an  infinitesimal  cir- 
cumferential component  of  d's  mo- 
tion due  to  the  motion  of  the  whole 
instrument  about  e  through  the 
infinitesimal  angle  J. 

The  wheel  c  moves  through  the 
arc  cc",  partly  rolling  and  partly 
slipping.  The  roll  is  that  component 
of  its  motion  cc'  normal  to  its  axis. 
This  component  may  be  considered , 
in  the  infinitesimal  triangle  cc's,  to 
be  cs,  normal  to  c'i'.  Fta.  71, 

Let  P  be  the  arc  correspondiiig 
to  the  small  angle  J  when  the  radius  Ls  unityi     Then 


ind  the  roll  of  the  Tv-heel  is 

cs=Pc'ecos  c'cs. 

Since  the  angle  J   in  very  small,  cc'  may  be  considered  nor- 
mal to  c'e,  hence 

c'cs  =ec'v, 
(T being  a  perpendicular  on  i'l'  produced. 
Then  c'v=ec'-cosec'v 

=ec'  cos  c'cs. 
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Whence,  cs  =  P'C'v. 

Also,  c'v  =/  cos  (]>  —g. 

WTience,  cs=^P(f  cos  (j)—g) (i) 

And  this  is  the  roll  of  the  wheel  due  to  motion  of  d  through  dd\ 
To  get  an  expression  for  the  area  dd'o'o: 
By  trigonometry, 


ed  =  \  P-\-h^-\-2fhcos(l)y 
dd'^ed'P. 


The  area  of  a  sector  is  its  arc  multiplied  by  half  its  radius: 
whence, 

Area  edd'  =  \P{p  -\- h^-\- 2 fh  cos  (f>).        .     .     .     (2) 
Similarly,  using  the  value  of  eo  previously  found, 

Area  eoo'  =  \P{j^  -h  A2  -f  2gh) (3) 

Subtracting  (3)  from  (2),  it  is  found  that 

Area,  dd'o'o  =  Ph(J cos  (f)-'g),       ....     (4) 

which,  it  is  observed,  is  equation  (i)  multiplied  by  A,  whence 
the 

Proposition. — The  distance  rolled  by  the  wheel  c,  for  given 
motion  of  (/,  when  mtdtiplied  by  A,  gives  the  area  included  between 
d*s  pathy  the  zero  circumference,  and  the  radial  lines  to  d^s  initial 
and  final  position. 

To  show  that  in  circumscribing  a  closed  area  with  the  tracing 
point  d  the  roll  of  the  wheel  is  correctly  summed  for  motion  of 
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d  right  handed  and  left  handed,  and  inside  or  outside  the  zero 
circumference: 

In  Fig.  72,  let  the  area  ddxd^di  be  traced,  beginning  at  d, 
and  moving  clockwise.  For  rao- 
itoQ  from  d  to  d\  the  wheel  rolls 
positively  an  amount  equal  to  the 
area  dd\o'o  divided  by  A;  for  mo- 
ilon  from  d\  to  da  the  roll  of  the 
wheel  will  be  neutralized  by  mo- 
ticm  from  d^lo  d;  for  motion  from 
it  lo  rfa  the  roll  of  the  wheel  is 
negative  and  equal  to  the  area 
ii^odi  divided  by  A.  Hence  the 
resulting  roll  of  the  wheel  due  to 
circumscribing  the  area  ddidid^  is  o 

ihatarea  divided  by  A.'  Fu;.  7;, 

Since  the  area  obtained  by  the 
wheel  for  a  given  motion  of  the  tracer  d  is  the  area  lying  between 
iTs  path  and  the  zero  circumference,  it  follows  that  if  e  is  placed 
nTlhin  the  area  to  be  measured  so  that  d  makes  a  complete  revo- 
lulion  about  e  there  must  be  added  to  the  result  obtained,  paying 
attention  to  its  sign,  the  area  of  the  zero  circumference.^    It  is 

A  being  known,  if  /  and  g  are  not  furnished  by  the  maker,  the 
area  may  nevertheless  be  found  by  circumscribing  a  known 
area  with  the  point  e  within  it  and  comparing  it  with  the  result 
ubiained  by  the  instrument. 

Since  the  roll  of  the  wheel  for  each  area  circumscribed  must 
l>e  multiplied  by  h  to  obtain  the  area,  and  since  the  roll  is  equal 


'  Let  the  student  reason  »milarly  of  the  areas  d^^,dt  and  d^,d^,. 

'Let  the  student  discuss  with  a  diagram  ihc  three  rases:  i.  I'erimeler  wluilly 
»iilioul  the  zero  circumferenre;  3.  Perimeter  wholly  within  the  zero  rircumfer- 
aw;  ltd,  3.  Perimeter  partly  within  and  partly  without  the  zero  tircumferencc. 
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to  the  circumference  of  the  wheel  multiplied  by  the  number  of 
revolutions  (the  quantity  read  from  the  scale),  it  becomes  necessary 
to  determine  values  for  h  for  the  various  kinds  of  areas  that  may 
be  measured,  such  that  the  work  of  multiplying  may  be  a  minimum. 
131.  To  Find  the  Length  of  Arm  for  Given  Conditions. 
Let  c  be  the  circumference  of  the  wheel  and  n  the  number  x>f 
revolutions  for  a  given  area,  A ;  then 

A  =  hnc. 

Since  c  is  a  fixed  quantity,  he  may  be  placed  equal  to  a  con- 
venient constant  and  a  value  for  h  determined.  The  only  caution 
to  be  observed  is  that  h  must  be  made  a  convenient  length  for 
use.     If  it  is  desired  to  measure  square  inches, 

let  Ar=io; 

whence,  h^  — 

c 

Since  c  is  usually  between  two  inches  and  three  inches,  this 
will  give  a  convenient  value  for  A,  which  value  being  set,  any 
area  circumscribed  by  d  is  given  by 

A  =  low. 

The  reading  of  the  instrument  is  usually  to  one  one-thou- 
sandth of  a  revolution,  the  disk  recording  whole  revolutions  and 
the  scale  and  vernier  fractional  revolutions. 

The  value  of  c  is  usually  furnished  by  the  maker,  but  for  an 
additional  charge.  If  not  so  furnished,  it  may  be  found  thus: 
Circumscribe  any  known  area,  with  e  outside  of  it,  with  a  known 
length  of  ami  A,  and  note  the  record  «,  of  the  wheel. 

Then,  r  =-  -~ . 

nn 
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If  the  arm  h  is  not  graduated,  it  may  be  set  by  trial  so  that 
A  =  ion  when  the  value  of  c  is  not  required.  If  a  diagram  be 
drawn  to  a  scale  of  /  feet  per  inch,  each  square  inch  of  paf)er 
represents  f^  square  feet  of  actual  area;  and  if  it  is  desired  to 
avoid  multiplication,  the  arm  h  may  be  set  so  that  a  single  revo- 
lution of  the  wheel  shall  correspond  to  a  convenient  number  of 
units  of  actual  area.  Let  A  be  the  actual  area  represented  by 
a  on  the  diagram;  then 

pa=A, 

and  a=^hnc; 

whence,  A  =phnc. 

phc  may  be  assumed  a  convenient  quantity  and  h  determined. 
Example. — The  scale  of  a  diagram  is  40  feet  per  inch;   then 

A  ^  i6oohnc. 


Assume  itoohc  =  20000; 


.  ,     20000 

then  h=  — ; 

loooc 


which  will  give  a  practical  workmg  value  for  A,  and  the  figures 
representing  the  record  of  the  wheel  for  any  area  circumscribed, 
without  decimal  point,  multiplied  by  20,  will  give  the  area  in 
square  feet.  The  instrument  is  supposed  to  read  to  thousandths 
of  a  revolution.  If  the  horizontal  scale  is/  feet  per  inch  and  the 
NWical  scale  is  /'  feet  per  inch,  the  equation  for  determining  h 
would  stand, 

A  =ffhnc. 
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Similarly,  if  a  number  of  areas  are  to  be  determined  and  multi- 
plied by  a  constant  length,  d,  as  in  railroad  earth-work,  the 
expression  for  a  single  volume  vi  of  area  ai  would  be,  dividing 
by  27  to  reduce  to  cubic  yards, 

paid 

vi  = ; 

27 

but,  ai  =  hnc\ 

pd 
whence,  vi  =  — hnc. 

27 

pd 
A  convenient  quantity  may  be  chosen  for  — he  and  h  deter- 

27 

mined. 

The  sum  of  a  series  of  volumes,  each  of  length  d,  is 

F = T'l -I- V2 + ^'3  +  etc.  =  Sv. 

=  1j- —  Ant*, 
27 

pd 
27 

whence  it  is  only  necessary  to  circumscribe  each  area  in  suc- 
cession, add  the  records  of  the  wheel,  and  apply  the  coeflScient. 
If  all  the  areas  are  platted  from  the  same  base-line  the  tracer 
may  be  moved  continuously  around  the  areas,  traversing  each 
area  as  many  times  as  it  is  used  in  the  summing,  and  only  the 
final  single  record  read,  which  is  of  course  the  sum  of  all  the 
records.  A  record  variety  of  other  problems  may  be  solved  with 
the  instrument. 
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132.  The  Suspended  Planimeter.  This  is  shown  in  Fig.  73. 
It  is  essentially  a  polar  planimeter,  the  pole  being  at  C.  It  has 
the  advantage  of  allowing  the  wheel  to  move  over  the  smooth 
surface  of  the  plate  S,  instead  of  over  the  paper,  thus  giving  an 
error  about  one-sixth  as  great  as  that  of  the  ordinary  polar 
instrument.  The  theory  of  its  action  is  essentially  the  same  as 
the  other. 

133.  The  Rolling  Planimeter  is  the  most  accurate  instru- 
ment of  its  kind  yet  devised.  Its  compass  is  also  indefinitely 
increased,  since  it  may  be  rolled  bodily  over  the  sheet  for  any 


Fio.  73. 

distance,  on  a  right  line,  and  an  area  determined  within  certain 
limits  on  either  side.  It  is  therefore  especially  adapted  to  the 
measuring  of  cross-sections,  profiles,  or  any  long  and  narrow 
surface.  Fig.  74  shows  one  form  of  this  instrument  as  designed 
by  Hen  Corradi  of  Zurich.  It  is  a  suspended  planimeter,  inas- 
much as  the  wheel  rolls  on  a  flat  disk  which  b  a  part  of  the 
instrument,  but  it  could  not  be  called  a  polar  planimeter,  the  theory 
of  lis  action  being  very  different  from  that  instrument.  The 
frame  B  is  supported  by  the  shaft  carrying  the  two  rollers  ^1, 
To  this  frame  are  fitted  the  disk  A  and  the  axis  of  the  tracing 
arm  P.  The  whole  apparatus  may  thus  move  to  and  fro 
indefinitely  in  a  straight  line  on  the  two  rollers  while  the  tracing 
pMnt  traverses  the  perimeter  of  the  area  to  be  measirred.  The 
shaft  carries  a  bevel-gear  wheel,  R2,  which  moves  the  pinion  R3 . 
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This  pinion  is  fixed  to  the  axis  of  the  disk,  and  turns  with  it, 
so  that  any  motion  of  the  rollers  R\  causes  the  disk  to  revolve  a 
proportional  amount,  and  the  component  df  this  motion  at  right 
angles  to  the  axis  of  the  wheel  E  ]s  recorded  on  that  wheel.  If 
the  instrument  remains  stationary  on  the  paper  (the  rollers  R 
not  turning)  and  the  tracing  point  moved  laterally,  it  will  cause 
no  motion  of  the  wheel,  since  its  axis  is  parallel  to  the  arm  F, 
and  turns  about  the  same  axis  with  F,  byt  90°  from  it;  the  wheel 
E,  therefore,  moves  parallel  with  its  axis  and  does  not  turn. 


Fig.  74. 

134.  The  Theory  of  the  Rolling  Planimeter.  This  will  be 
developed  by  a  system  of  rectangular  co-ordinates,  the  path  of 
the  fulcrum  of  the  tracing  arm  being  taken  as 'the  axis  of  abscissae. 
The  path  of  the  tracing  point  will  be  considered  as  made  up  of 
two  motions,  one  parallel  to  the  axis  of  abscissae  and  the  other 
at  right  angles  to  it.  The  elementary  area  considered  will  be 
that  included  tietween  the  axis  of  abscissie  and  two  ordinates 
drawn  to  the  extremities  of  an  elementary  portion  of  the  path. 
But  since  this  element  of  the  perimeter  is  supposed  to  be  made 
up  of  two  right  lines,  one  perpendicular  to  the  axis  of  abscisse 
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and  the  other  parallel  to  it,  our  elementary  area  must  also  be 
divided  in  a  similar  manner.  It  will  at  once  be  seen  that  one 
part  of  this  area  is  zero,  since  the  two  ordinates  bounding  it  form 
one  and  the  same  line.  This  is  the  part  generated  by  the  motion 
at  right  angles  to  the  axis  of  abscissae.  Now,  we  have  just  shown 
in  the  previous  article  that  the  wheel  record  for  this  part  of  the 
path  is  also  zero.^    We  are  brought  therefore  to  this  important 


Fig.  75. 


conclusion:     Ihal  all  com  portents  of  motion  of  the  tracing- point 
al  right  angles  to  the  axis  of  abscissce  have  no  influence  upon  the 

*  This  is  not  strictly  correct,  although  it  leads  to  correct  results.  The  compo- 
nents of  motion  are  really  one  parallel  to  the  axis  of  Xy  and  one  about  the  pivot  g 
as  a  centre.  This  latter  movement  makes  no  record  on  the  wheel,  but  it  does  gen- 
erate an  elementary  area  included  between  this  element  of  the  path,  the  ordinates 
to  its  extremities,  and  the  axis  of  x.  These  areas  are  either  added  to  or  cut  from 
the  areas  made  by  the  onward  element  of  motion  in  such  a  way  as  to  exactly  balance 
wben  the  tracing  point  starts  and  returns  to  the  axis  of  Xy  or  when  it  closes  on 
the  initial  point,  wherever  it  may  be. 
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result.    We  will  therefore  only  discuss  a  diflferential  motion  of  the 
tracing-point  in  the  direction  of  the  axis  of  abscissae. 

In  Fig.  75,  which  is  a  linear  sketch  of  the  instrument  sho-wn 
in  Fig.  74,  with  the  corresponding  parts  similarly  lettered,  it 
is  to  be  shown  that  the  motion  of  the  wheel  E  caused  by  the 
movement  of  the  tracing  point  over  the  path  dx  is  equal  to  the 
corresponding  area  ydx  multiplied  by  some  constant  which  is  a 
function  of  the  dimensions  of  the  instrument. 

It  is  evident  that  a  motion  of  the  tracing  point  in  the  direc- 
tion of  the  axis  of  abscissae  can  only  be  obtained  by  moving  the 
entire  instrument  on  the  rollers  by  the  same  amoimt,  and  therefore 
when  the  point  moves  over  the  path  dx  the  circumferences  of  the 
rollers  R\  have  moved  the  same  amount.    This  causes  a  move- 

R2 
ment  of  the  pitch  circle  of  R2  of  dx—.    This  motion  is  conveyed 

Ri 
to  the  disk  through  /?u,  so  that  any  point  on  this  disk,  as  a,  dis- 

/?2  ad 
tant  ad  from  the  axis,  moves  through  a  distance  equal  to  dx—  •  — . 

Let  ab,  Fig.  75,  be  this  distance,  then  we  have, 

R2  dd 
ab^dx  —  '— (i) 

The  motion  of  that  portion  of  the  disk  on  which  the  roller 
rests,  equal  to  a6,  causes  the  circumference  of  the  wheel  E  to 
revolve  by  an  amount  equal  to  the  component  of  the  distance 
ab  perpendicular  to  the  axis  of  the  wheel.  This,  component 
part  of  the  disk's  motion  is  be,  and  this  is  the  measure  of  the 
wheel's  motion.  It  therefore  remains  to  show  that  be  =  \dx 
multiplied  by  an  instrumental  constant. 

Now,  6c  =  atsin6ac (2) 

But  bae^a-V^,  since  gae  and  bad  are  both  right  angles.     Also 
6a(;= supplement  of  dag^a-\-^. 
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Also,  from  the  triangle  dag,  we  have, 

sin  dag  :  sin  agd  ::  D  :  a  J, 

.    ^       ^      D  sm  a  ,  ^ 

or  sin(a:-h,^)=     ^^ (3) 

Since  F^a  is  also  a  right  angle,  we  have  the  angle  formed 

y 

by  Fg  and  the  axis  of  abscissae  equal  to  a,  whence  sin  «  =  Tr- 

r 

We  may  now  write:  ^ 

Z?  •  sin  tt  Z)  V 

ftc  =  ab  sin  («  -f  ^)  =  aft ~ —  =  ab      '   .       .     .     (4) 

ad  F-ad 

Now,  substituting  the  value  of  ab  from  (i),  we  have, 

cb  =  ydx  (5) 

Since  Z>,  i?2,  i^,  R\y  and  i?3  are  all  constants  for  any  one  instru- 
ment, we  see  that  the  wheel  record  is  a  function  of  the  area 
generated  by  the  tracing  point  and  the  instrumental  constants, 
which  was  to  be  shown.  It  now  follows  that  the  summation 
of  all  these  elementary  areas  included  between  the  path  of  the 
tracing  point  and  the  axis  of  abscissie,  is  represented  by  the 
total  wheel  mavementj  or  the  difference  between  its  initial  and 
final  readings,  provided  the  tracing  point  starts  from  and  closes 
on  fhe  axis  of  x,  or  closes  on  the  starting  point,  wherever  that 
may  be. 

The  following  comparison  between  the  rolling  and  the  polar 
planimeters  may  be  made:  The  axis  of  x  corresponds  to  the 
zero  circle;  the  unrecorded  motion  about  the  pivot  g,  Fig.  75 
corresponds  to  the  balanced  record  of  the  motion  about  c,  Fig. 
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69;    and    the    significant  forward  motion  of  the  former  to  the 
motion  about  P  as  a  centre,  in  the  latter. 

As  in  the  case  of  the  polar  instrument,  the  proper  length  of 
arm  F,  to  be  used  with  the  rolling  planimeter  to  give  results 
in  any  desired  unit,  depends  on  the  other  instrumental  constants. 
These  being  known,  the  value  of  F  may  be  computed  in  the  same 
manner  as  with  the  polar  planimeter. 

135.  To  Test  the  Accuracy  of  the  Planimeteri  there  is 
usually  provided  a  brass  scale  perforated  with  small  holes.  A 
needle  point  is  inserted  in  one  of  these  and  made  fast  to  the 
paper  or  board,  while  the  tracing  point  rests  in  another.  The 
latter  may  now  be  moved  over  a  fixed  path  with  accuracy.  Make 
a  certain  number  of  even  revolutions  forward,  or  in  the  direction 
of  the  hands  of  a  watch,  noting  the  initial  and  final  readings. 
Reverse  the  motion  the  same  number  of  revolutions,  and  see  if  it 
comes  back  to  the  first  reading.  If  not,  the  discrepancy  is  the 
combined  instrumental  error  from  two  measurements  due  to 
slip,  lost  motion,  unevenness  of  paper,  etc. 

If  this  test  be  repeated  with  the  areas  on  opposite  sides  of 
the  zero  circle  in  the  case  of  the  polar  planimeter,  or  on  opposite 
sides  of  the  axis  of  abscissae  in  case  of  the  rolling  planimeter, 
with  the  same  score  in  both  cases,  it  proves  that  the  pivot  points 
a,  by  k,  and  the  tracing  point  d  (Fig.  68),  are  in  the  same  straight 
line,  in  case  of  the  polar  instrument,  and  that  the  corresponding 
points  in  the  suspended  and  rolling  planimeters  form  parallel 
lines;  in  other  words,  that  the  axis  of  the  measuring  wheel  is 
parallel  to  the  tracing  arm.  If  the  results  differ  when  the  areas 
li^  on  opposite  sides  of  the  axis  or  zero  circle,  these  lines  are  not 
parallel  and  must  be  adjusted  to  a  parallel  position. 

136.  Use  of  the  Planimeter.  The  paper  upon  which* the 
diagram  is  drawn  should  be  stretched  smooth  on  a  level  surface. 
It  should  be  large  enough  to  allow  the  rolling  wheel  to  remain 
on  the  sheet. 

The  instrument  should  be  so  adjusted  and  oiled  that  the 
parts   move    with    the   utmost   freedom    but    without    any    lost 
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motion.  This  requires  that  all  the  pivot  joints  shall  be  adjustable 
to  take  up  the  wear.  The  rim  of  the  measuring  wheel  must  be 
kept  bright  and  free  from  rust.  The  instrument  must  be  han- 
dled with  the  greatest  care.  Having  set  the  length  of  the  tracing 
arm  for  the  given  scale  and  unit,  it  is  well  to  test  it  upon  an  area 
of  known  dimensions  before  using.     If  it  be  found  to  give  a 

result  in  error  by  -  of  the  total  area,  the  length  of  the  tracing  arm 

must  be  changed  by  an  amount  equal  to  this  same  ratio  of  its 
former  length.  If  the  record  made  on  the  wheel  was  too  small 
then  the  length  of  the  tracing  arm  must  be  diminished,  and 
vice  versa.  If  the  paper  has  shrunk  or  stretched,  find  the  pro- 
portional change,  and  change  the  length  of  the  tracing  arm  from 
its  true  length  as  just  found,  by  this  same  ratio,  making  the  arm 
longer  for  stretch  and  shorter  for  shrinkage.  Or  the  true  length 
of  arm  may  be  used,  and  the  results  corrected  for  change  in 
paper. 

To  measure  an  area,  first  determine  whether  the  fixed  point, 
or  pole,  shall  be  inside  or  outside  the  figure.  It  is  preferable 
to  have  it  outside  when  practicable,  since  then  the  area  is 
obtained  without  correction.  If,  howevpr,  the  diagram  is  too 
large  for  this  (in  case  of  the  polar  planimeter)  the  pole  may  be 
set  inside.  In  either  case  inspection,  and  perhaps  trial,  is  nec- 
essary to  fix  upon  the  most  favorable  position  of  the  pole,  so 
that  the  tracing  point  may  most  readily  reach  all  parts  of  the 
perimeter.  If  the  area  is  too  large  for  a  single  measurement, 
divide  it  by  right  lines  and  measure  the  parts  separately.  Having 
fixed  the  pole,  set  the  tracing  point  on  a  well-defined  portion  of 
the  perimeter,  and  read  and  record  the  score  on  the  rolling  wheel 
and  disk.  This  is  generally  read  to  four  places.  Move  the 
tracing  point  carefully  and  slowly  over  the  outline  of  the  figure, 
in  the  direction  of  the  hands  of  a  watch,  around  to  the  initial 
point.  Read  the  score  again.  If  the  pole  is  outside  the  figure, 
this  result  is  always  positive  when  the  motion  has  been  in  the 
direction  here  indicated.     If  the  pole  is  inside  the  figure,  the 
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result  will  be  negative  when  the  area  is  less  than  that  of  the  zero 
circle,  positive  if  greater.    With  the  pole  inside  the  figure,  how- 
ever, the  area  of  the  zero  circle  must  always  be  added  to  the 
result  as  given  by  the  score,  and  when  this  is  done  the  sum  is 
always  positive,   the  motion   being  in   the  direction   indicated. 
The  area  of  this  zero  circle  is  found  in  Art.  130,  to  be  7:{m^  + 
/2-|-2«/).     The  value  of  /,  which  is  the  length  of  the  tracing  arm, 
is  known.     The  values  of  m  and  n  should  be  furnished  by  the 
maker.     If  these  are  unknown,  the  area  of  the  zero  circle  can  be 
found  for  any  length  of  arm  /,  by  measuring  a  given  area  with 
pole  outside  and  inside,  the  diflFerence  in  the  two  scores  being 
the  area  of  this  circle.     By  doing  this  with  two  very  different 
values  of  /  we  may  obtain  two  equations  with  two  unknown 
quantities,  m  and  n,  from  which  the  absolute  values  of  these 
quantities  may  be  found.    Thus  we  would  have: 

A  =7r(m2-|-/2-f2n/); 

^'  =  ;r(w2-h/'2-f2«/'); 

A 
whence,  •  w2  -|-  2w/  =-  —  —P] 

n 

w2  +  2w/'  =  "-/'2; 

;: 

wherein  /,  /',  A^  and  A'  are  known.  The  values  of  m  and  n  are 
then  readily  found. 

In  using  the  rolling  planimeter,  it  is  advisable  to  take  the 
initial  point  in  the  perimeter  on  the  basis  of  abscissae,  as  in  this 
position  any  small  motion  of  the  tracing  point  has  no  effect 
on  the  wheel,  and  so  there  is  no  error  due  to  the  initial  and  final 
positions  not  being  exactly  identical. 

The  planimeter  may  be  used  to  great  advantage  in  the  solu- 
tion of  many  problems  not  pertaining  to  surveying.     In  all  cases 
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where  the  result  can  be  represented  as  a  function  of  the  product 
of  two  variables  and  one  or  more  constants,  the  corresponding 
values  of  the  variables  may  be  plotted  on  cross- -ection  paper  by 
rectangular  co-ordinates,  thus  forming  with  the  axis  and  end 
ordinates  an  area  which  can  be  evaluated  for  any  scale  j^nd  for 
any  value  of  the  constant  functions  by  setting  off  the  proper 
length  of  tracing  arm.  Thus,  from  a  steam-indicator  card  the 
horse-power  of  the  engine  may  be  read  off,  and  from  a  properly 
constructed  profile  the  amount  of  earthwork  in  cubic  yards  in 
a  railway  cut  or  fill.  Some  of  these  special  applications  are 
further  explained  in  Part  11.  of  this  work. 

137.  Accuracy  of  Planimeter  Measurements.  Professor 
Lorber,  of  Loeben,  Austria,  has  thoroughly  investigated  the 
relative  accuracy  of  different  kinds  of  planimeters,  and  the  results 
of  his  investigations  are  given  in  the  following  table.  It  will  be 
seen  that  the  relative  error  is  less  as  the  area  measured  is  larger. 
The  absolute  error  is  nearly  constant  for  all  areas  in  the  polar 
planimeter.  The  remarkable  accuracy  of  the  rolling  planimeter 
is  such  as  to  cause  it  to  be  ranked  as  an  instrument  of  precision. 


TABLE  OF  RELATIVE    ERRORS  IN  PLANIMETER  MEASUREMENTS 
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The  error  in  one  passage  of  the  tracer  amounts  on  an 
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The  Pantograph 

138.  The  Pantograph  is  a  kind  of  parallel  link-motion 
apparatus  whereby,  with  one  point  fixed,  two  other  points  are 
made  to  move  in  a  plane  on  parallel  lines  in  any  direction.  The 
device  is  used  for  copying  drawings,  or  other  diagrams  to  the 
same,  a  larger,  or  a  smaller  scale.  The  theory. of  the  instrument 
rests  on  the  following: 

PROPOSinoN:  //  the  sides  of  a  parallelogram^  jointed  at  the 
corners  A,  B,  Cy  and  £>,  and  indefinitely  extendedy  be  cut  by  a 


-o- 


—  — -T< 


Fio.  76. 

right  line  in  four  points^  as  £,  F,  G,  and  H,  tJien  these  latter 
points  will  lie  in  a  straight  line  for  all  values  of  each  of  the 
parallelogram  angles  from  zero  to  180°,  and  the  ratio  of  the  dis- 
tances EF,  FGy  and  GH  will  remain  unchanged. 

In  Fig.  76,  let  Ay  By  Cy  D  he  the  parallelogram,  whose  sides 
(extended)  are  cut  by  a  right  line  in  F,  G,  £,  and  H,  It  is 
evident  that  one  point  in  the  figure  may  remain  fixed  while  the 
angles  of  the  parallelogram  change.     Let  this  point  be  C. 

Since  GC  and  GHy  radiating  from  G,  cut  the  parallel  lines 
DE  and  CHy  we  have. 


GD  :  DE: :  GC  :  CH. 


r 
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Also,  for  similar  reasons, 

ED  :  DG  ::  EA:  AF. 

Now  since  the  sides  of  the  parallelogram,  as  well  as  all  the 
intercepts,  AFy  GD,  DE,  and  Cfl" ,  remain  constant  as  the  angles 
of  the  figure  change,  when  the  figure  has  taken  the  position 
shown  by  the  dotted  lines,  we  still  have, 

also,  GD' :  D'E'  ::GC:  CH'; 

E'D'.D'G::  E'A'.A'F. 

From  the  first  of  these  proportions  we  know  that  G,  £',  and 
H'  are  in  the  same  straight  line,  and  the  same  for  G,  £',  and  F\ 
therefore,  they  are  all  four  in  the  same  straight  line. 

To  show  that  they  are  the  same  relative  distance  apart  as 
before  we  have, 

FG:GE:EH  ::BC  :DE:  CH -DE; 
also, 

KG  :  GE:  EH'::  B'C:  D'E':  CH'-D'E. 
But, 

BC  =  B'C\  DE  =  D'E%  and  CH -DE^CH' -D'E\ 

therefore  we  may  write, 

FG:GE:EH  ::  FG  :  GE:  EH\ 

Q.E.D. 

It  is  evident  that  two  of  the  points  £,  £,  G,  and  H  may  become 
(me  by  the  transversal  passing  through  the  point  of  intersection 
xA  two  of  the  sides  of  the  parallelogram.  The  above  proposition 
would  then  hold  for  the  three  remaining  points. 

In  the  Pantograph  only  three  of  the  four  points  £,  F,  G,  and 
H  (Fig.  76)  are  used.     One  of  these  may  therefore  be  taken  at 
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the  intersection  of  two  sides  of  the  parallelogram,  but  it  is  not 
necessarily  so  taken.  These  three  points  are:  the  fixed  point, 
the  tracing  point,  and  the  copying  jxjint. 

In  Fig.  77  F  is  the  fixed  point,  held  by  the  weight  P;   B  is 
the  tracing  point>  and  D  is  the  copying  point,  or  vice  versa  as 


Fig.  77. 

to  B  and  D.  The  parallelogram  is  £,  G,  5,  H,  The  points 
F,  By  and  D  must  lie  in  a  straight  line,  B  being  at  the  intersection 
of  two  of  the  sides  of  the  parallelogram.     The  points  A,  E,  and 


Fig.  78. 


C  are  supported  on  rollers.  In  Fig.  78,  the  fixed  point  is  the 
point  of  intersection  of  two  of  the  sides  of  the  parallelogram. 
The  upper  left-hand  member  of  the  frame  is  not  essential  to  its 
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construction,  serving  simply  to  stiffen  the  copying  arm,  the  fourth 
side  of  the  parallelogram  being  the  side  holding  the  tracing  point. 

In  Fig.  77,  neither  of  the  tliree  points  is  at  the  intersection 
of  two  of  the  sides  of  the  parallelogram,  and  hence  there  is  a 
fourth  point  unused,  having  the  same  properties  as  the  fixed, 
tracing,  and  cop)ring  points,  it  being  at  the  intersection  of  the 
line  joining  these  three  points  with  the  fourth  side  of  the  par- 
allelogram. 

From  the  theoretical  discussion,  and  from  the  figures  shown, 
it  becomes  evident  that  there  may  be  an  indefinite  variety  of 


Fig.  79. 

combinations  which  will  do  the  work  of  a  pantograph.  The 
only  essential  conditions  are  that  the  fixed,  the  tracing,  and  the 
copyvng  points  shall  lie  in  a  straight  line  on  at  least  three  sides 
of  a  jointed  parallelogram  y  either  point  serving  any  one  of  the 
three  purposes. 

139.  Use  of  the  Pantograph.  The  use  of  the  instrument 
is  easily  acquired.  Since  both  the  tracing  and  copying  points 
should  touch  the  paper  at  all  times,  such  a  combination  as  that 
shown  in  Fig.  77  is  preferable  to  those  shown  in  Figs.  78  and 
79,  since  in  these  latter  the  tracing  point  is  surrounded  by. sup- 
ported points,  and  so  would  not  touch  the  paper  at  all  times 
unless  the  papef  rested  on  a  true  plane.  In  most  instruments 
where  the  scale  is  adjustable,  the  two  corresponding  changes 
in  position  of  tracing  and  copying  points  for  different  scales 


16ft  .WRVEYING 


arc  indicated.     To   test   these   marks,   see   that   the  adjustable 

points  are  in  a  straight  line  with  the  fixed  point,  and  to  test  the 

FD 
scale  see  that  the  ratio  -—   (Fig.  77)  is  that  of  the  reduction 

FB 

desired.     Thus,  if  the  diagram  is  to  be  enlarged  to  twice  the 

original  size,  make  FD  =  2FB\ 

DE     FE  ,      ,      , 

or  make  T^'^'Ftr^^^^*^  ^^  enlargement. 

GE     FH 

If  the  drawing  is  to  be  reduced  in  size,  make  B  the  copying 
point  and  D  the  tracing  point. 

If  the  drawing  is  to  be  copied  to  the  same  scale,  make  BF 
^BD  and  make  B  the  fixed  jxjint.  The  figure  is  then  copied 
to  same  scale,  but  in  an  inverted  position. 

In  the  best  instruments  the  arms  are  made  of  brass,  but  very 
good  work  may  be  done  with  wooden  arms. 

PROTRACTORS 

140.  A  Protractor  is  a  graduated  circle  or  arc,  with  its  centre 
fixed,  to  be  used  in  plotting  angles.  They  are  of  various  designs 
and  materials. 

Semicircular   ProlractorSy    such   as   shown    in    Fig.    80,    are 

usually  made  of  horn,  brass,  or 
German-silver.  They  are  grad- 
uated to  degrees  or  half-degrees, 
and  the  angle  is  laid  oflf  by 
holding  the  centre  at  the  vertex 
of  the  angle,  with  the  plain 
edge,  or  the  o  and  180  degree 
line  on  the  given  line  from  which 
the  single  is  to  be  laid  off.* 

In  iht  full-circle  protractor y  shown  in  Fig.  81,  there  is  a  move- 
able arm  with  a  vernier  reading  to  from  i  to  3  minutes.     The 

*  For  a  convenient  style  of   protractor  to  be  used  in  topographical  work,  see 
Fig.  113. 
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horn  centre  is  set  over  the  given  point,  the  protractor  oriented 
with  the  zero  of  the  circle  on  the  given  line,  and  the  arm  set  to 
the  given  reading  when  the  other  line  may  be  drawn. 


The  tkree-arm  protractor,   Fig.   80,  has  one    fixed  and  two 
movable  arras  by  which  two  angles  may  be  set  off  simultaneously. 


It  is  used  in  plotting  observations  by  sextant  of  two  angles  l 
three  known  points  for  the  location  of  the  point  of  observatioi 
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This  is  known  as  the  three-point  problem  and  is  discussed  in 
Chapter  IX. 

Paper  protractors  are  usually  full  circled,  from  8  to  14  inches 
in  diameter,  graduated  to  half  or  quarter  degrees.  They  are 
printed  from  engraved  plates  on  drawing  or  tracing  paper  or 
bristol  board,  and  are  very  convenient  for  plotting  topographical 


Fig.  83. — Coordinate  Protractor. 

surveys.  The  map  is  drawn  directly  on  the  protractor  sheet, 
the  bearing  of  any  Ime  being  taken  at  once  from  the  graduated 
circle  printed  on  the  paper.  These  "  protractor  sheets  "  can 
now  be  obtained  of  all  large  dealers. 

The  co-ordinate  protractor  ^  is  a  quadrant,   or  square,    with 
angular  graduations  on  its  circumference,  or  sides,  and  divided 


*  Called  a  Trigonomcter  by  the  KeulTel,  Esser  Co.,  the  makers. 
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over  its  face  by  horizontal  and  vertical  lines,  like  cross-section 
paper.  A  movable  arm  can  be  set  by  means  of  a  vernier  to 
read  minutes  of  arc,  this  arm  being  also  graduated  to  read  dis- 
tances from  the  centre  outward.  Having  set  this  arm  to  read 
the  proper  angle,  the  latitude  is  at  once  read,  off  on  the  vertical 
scale  and  the  departure  on  the  horizontal  scale  for  the  given 
distance  as  taken  on  the  graduated  arm.  A  quadrant  protractor 
gi\'ing  latitudes  and  departures  for  all  distances  under  2500  feet 
to  the  nearest  foot,  or  under  250  feet  to  the  nearest  tenth  of  a  foot, 
has  been  used.  The  radius  of  the  circle  is  18  J  inches.  Both 
the  protractor  and  the  arm  are  on  heavy  bristol  board,  so  that 
any  change  due  to  moisture  will  affect  both  alike  and  so  eliminate 
en-ors  due  to  this  cause.  The  instrument  was  designed  to  facilitate 
the  plotting  of  the  U.  S.  survey  of  the  Missouri  River.  It  has 
proved  very  efficient  and  satisfactory.  A  similar  one  on  metal, 
shown  in  Fig.  83,  is  now  manufactured,  and  serves  the  same 
purpose. 

Parallel  Rulers 

141.  The  Parallel  Ruler  of  greatest  efficiency  in  plotting 
is  that  on  rollers,  as  shown  in  Fig.  84.  The  rollers  are  made 
of  exactly  the  same  circumfer- 
ence, both  being  rigidly  attached 
to  the  same  axis.  It  should  be 
made  of  metal  so  as  to  add  to  its  ^^°-  ^'*- 

weight  and  prevent  slipping.  It  is  of  especial  value  in  connec- 
tion with  the  paper  protractors,  for  the  parallel  ruler  is  set  on 
any  given  bearing  and  then  this  transferred  to  any  part  of  the 
sheet  by  simply  running  the  ruler  to  place.  Two  triangles  may 
he  naade  to  serve  the  same  purpose,  but  they  are  not  so  rapid 
or  convenient,  and  are  more  liable  t9  slip.  The  parallel  ruler 
is  also  very  valuable  in  the  solution  of  problems  in  graphical 
statics. 
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Scales 

142.  Scales  are  used  for  obtaining  the  distance  on  the  drawing 
or  plot  which  corresponds  to  given  distances  on  the  object  or  in 
the  field.  There  is  such  a  variety  of  units  for  both  field  and 
office  work,  and  a  corresponding  variety  of  scales,  that  the  choice 
of  the  particular  kind  of  scale  for  any  given  kind  of  work  needs 
to  be  carefully  made.  Architects  usually  make  the  scale  of  their 
drawings  so  many  feet  to  the  inch,  giving  rise  to  a  duodecimal 
scale,  or  some  multiple  of  ^.  A  surveyor  who  uses  a  Gunter's 
chain  66  feet  in  length  plots  his  work  to  so  many  chains  to  the 
inch,  making  a  scale  of  some  multiple  of  y^^j^^  An  engineer 
usually  uses  a  100-foot  chain  and  a  level  rod  divided  to  decimal 
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Fig.  85. 


parts  of  a  foot;  so  he  finds  it  convenient  to  use  a  decimal  scale 
for  his  maps  and  drawings,  reduced  to  the  inch  unit,  however. 
Here  the  field  unit  is  feet  and  the  office  unit  is  inches,  both 
divided  decimally.  This  gives  rise  to  a  sort  of  decimal-duodec- 
imal system,  the  scale  being  some  multiple  of  j^o-  Various 
combinations  of  all  these  systems  are  found. 

Figure  85  shows  one  form  of  an  ivory  scale  of  equal  parts 
for  the  general  draughtsman.  The  lower  half  of  the  scale  is 
designed  to  give  distances  on  the  drawing  for  4,  40,  or  400  units 
to  the  inch  when  the  left' oblique  lines  and  bottom  figures  are 
used,  and  for  2,  20,  or  200  units  to  the  inch  when  the  right  oblique 
lines  and  top  figures  are  used.  Thus,  if  we  are  plotting  to  a 
scale  of  400  feet  to  tfie  inch,  and  the  distance  is  564  feet  set  one 
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point  of  the  dividers  on  the  vertical  line  marked  5,  and  on  the 
fourth  horizontal  line  from  the  bottom.  Set  the  other  leg  at 
the  intersection  of  the  sixth  inclined  line  with  this  same  horizontal 
line,  and  the  space  subtended  by  the  points  of  the  dividers  is  564 
feet  to  a  scale  of  ^(^f- 

Figure  86  is  a  cut  of  an  engineer's  triangular  boxwood  scale, 
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Fig.  86: 


12  inches  long,  being  divided  into  decimal  inches.  There  are 
six  scales  on  this  rule,  a  tenth  of  an  inch  being  subdivided  into 
I,  2,  3,  4,  5,  and  6  parts,  making  the  smallest  graduations 
h^  A^  ^»  idy  Vff'  «V  of  an  inch  respectively.  This  is  called  an 
engineer's  or  decimal  inch  scale.  The  architect's  triangular 
scale  is  divided  to  give  ^,  J,  |,  i,  J,  i,  il,  2,  3,  and  4  inches  to 
the  foot.    Such  a  scale  is  of  less  service  to  the  civil  engineer. 


THE  POCKET  SLIDE  RULE  » 

143.  The  Slide  Rule  in  some  of  its  various  forms  is  by  far  the  most  easy 
and  rapid  means  of  carrying  on  computations  by  multiplication  and  division  that 
bas  ever  been  devised.  One  can  work,  with  it  continuously  without  becoming 
mentally  weary.  The  author,  having  had  a  large  experience  in  the  use  of  all 
kinds  of  mechanical  computing  machines  and  of  logarithmic  and  multiplication 
tables,  is  fully  convinced  that  the  slide  rule  far  exceeds  them  all  in  the  ease, 
rapidity,  and  accuracy  with  which  it  can  be  used  by  anyone  after  an  hour's 
insiniction  or  practice.  While  this  little  implement  is  in  almost  universal  use  in 
Europe,  not  only  by  scientific,  but  by  all  classes  of  practical  men,  it  has  never 
come  into  general  use  in  America.     This  is  greatly  to  be  deplored,  and  it  is  hoped 


'While  the  use  of  the  slide  rule  has  no  special  relation  to  surveying,  its  use 
nay  properly  be  describea  here  a§  one  of  the  instruments  of  engineering  com- 
pauttoQ. 
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out  deficiency  in  ihis  respect  will  now  be  remedied,  by  the  placing  of  a  cheap 
but  accurate  pocket  slide  rule  upon  the  American  market. 

The  rule  in  (his  pocket  farm  (Fig.  87)  gives  rc'sulls  to  three  significant  figures,' 
which  is  sufficiently  accurate  for  most  of  the  computations  which  have  to  l;e  made 
in  ail  kinds  of  physical  investigations,  and  in  ihc  solution  of  engineering  probleirm. 
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Vie-  87. 

Where  totir  or  fiw  significant  figures  arc  required,  Thachcr's  slide  rule  (Fig.  86) 
will  be  used,  but  for  ji  laige  part  of  the  work  for  which  this  larger  slide  rule  is 
employed  a  small  pocket  form  te  really  sufficient,  since  this  gives  the  results  to  a 
greater  degree  of  accuracy  than  it  is  posable  to  obtain  in  the  original  data.  After  a 
little  use  of  this  instrument,  it  becomes  almost  a  necessity.     It  is  not  too  much 


Fig.  88. 

to  say  that  it  is  indeed  a  great  benefactor  in  preventing  the  menial  fatigue  which 
always  accompanies  continued  numerical  iiperations  in  multiplication  and  division. 
The  following  simple  rules  and  explanations  arc  readily  understood  and  fol- 
lowed with  the  slide  rule  in  hand,  and  they  fully  exemplify  most  of  its  applications. 

'  This  rule  can  now  lie  purchased  in  America  for  $1.00,  but  a  better  tine, 
printed  on  celluloid,  and  made  adjustable  so  as  to  obviate  all  objections  on  the 
score  of  SRTlling,  warping,  or  looseness  from  wear,  is  now  manufactured  by  the 
Keuffel  Esser  Co.,  New  York,  and  Eugene  Dutzgen  Co.,  Chicago,  III. 
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A  working  knowledge  of  the  use  of  logarithms  is  assumed.  A  small  magnifying 
glass  may  sometimes  be  employed  to  increase  the  accuracy  of  the  settings  and 
readings. 


THE   SCALES   A   AND   B 

The  scales  A  and  B  represent  the  logarithms  of  the  numbers  marked  upon 
them,  from  i  to  lo,  or  from  lo  to  loo,  or  from  loo  to  looo,  according  to  the 
degree  of  accuracy  required,  to  a  uniform  scale.  By  the  movement  of  scale  B, 
ibng  scale  Ay  to  the  right  or  left,  these  logarithms  can  be  mechanically  added 
or  subtracted,  or  both  simultaneously,  and  multiplication  and  division  thus  eflfected. 
Computations  made  on  the  slide  rule,  therefore,  are  mechanically  |>erformed  by 
means  of  logarithms  represented  graphically.  The  two  scales,  A  and  B,  are 
exactly  alike,  each  containing  two  duplicate,  complete,  graphical  logarithmic 
scales. 

The  ^ide  rule  is  used  to  solve  a  problem  in  proportion^  or  in  general  to  multi- 
ply iwo  numbers  together  and  to  divide  by  a  third,  any  one  of  which  may,  of 
course,  be  unity,  the  general  problem  being  to  perform  the  work  indicated  in  the 

folbwing:  -^  =  ? 

0 

Since  the  scales  increase  to  the  right,  a  movement  of  the  sliding  scale  B  to  the 
left  subtracts  a  logarithm,  and  a  movement  to  the  right  adds  one.  Thus,  to  divide 
ly  h  we  move  the  slide  to  the  left  until  h  comes  under  i  of  the  A  scale.  Then  to 
multiply  by  a  we  move  it  forward  until  h  comes  under  a  of  that  scale.  But  this  is 
equivalent  to  setting  h  on  the  B  scale  opposite  a  on  the  A  scale,  at  once.  Then 
every  number  on  the  sliding  {B)  scale  has  been  multiplied  by  a  and  divided  by  b 
relatively  to  the  corresponding  number  on  the  A  scale.     Hence  any  number  on  the 

sliding  sacle,  as  jc,  has  opposite  to  it  a  number  which  is  —  times  x.     Therefore  we 

have  the  rule: 

ox 
I.  To  solve  —  set  6  on  5  opposite  a  on  A,  then  find  x  on  5,  and  the  opposite 

reading  on  ^  is  the  result. 


Example:     Solve  ^^--^ — ~ =  1.021:. 

59.6  ^ 

Paying  no  attention  to  decimal  points,  treat  the  quantities  as  whole  numbers, 
and  setting  596  on  B  opposite  304  on  A,  find  opposite  201  on  B  1.025  ^"  ^-  The 
<fecimal  point  is  usually  best  located  by  a  mental  computation  or  inspection.  Evi- 
^tly  the  result  is  somewhat  more  than  unity,  hence  the  point  comes  after  the  i. 
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When  a  series  of  results  is  to  be  obtained  in  which  two  of  the  numbers,  as  a 
and  6,  are  constants,  and  the  other  varies,  always  set  for  the  constant  terms,  after 
which  the  entire  series  of  results  can  be  read  off  for  the  varying  values  of  x  without 
further  settings. 


THE   SCALES   C   AND    D. 

The  log.  scales  C  and  D  are  so  arranged  that  the  numbers  on  them  are  the 
squa.-e  roots  of  those  in  the  same  vertical  line  in  scales  A  and  B.  Transfers  are 
taken  from  scales  C  or  £>  to  scales  ^4  or  B  by  means  of  the  visible  line  on  the 
transparent  sliding  indicator. 

CLX 

Thus  if  the  problem  Ix?  — ^ ,  move  the  transparent  indicator  to  a  on  ^,  then 

move  the  sliding  scale  till  6  on  C  (which  is  the  same  as  6*  on  B)  comes  to  the  line 
on  the  indicator,  then  look  up  jc  on  5  and  find  the  result  on  A  as  before.  This 
is  the  same  as  the  former  case,  except  h  is  now  taken  on  the  C,  the  square  root 
scale,  in  place  of  b*  on  the  B  scale. 


4.69X3?. 5 
"(24.2)' 


Example:     — /j:^;|V  ^^•3°^* 


Setting  the  line  of  the  sliding  indicator  on  469  of  the  A  scale,  bring  242  on 
sliding  scale  C  under  same  line.  Then  look  up  385  on  scale  B  and  find  308  on  A. 
The  decimal  point  is  located  by  a  mental  computation  as  before. 


a}x 


If  the  problem  be  — ,  move  the  indicator  to  a  on  D,  then  bring  h  on  the  slMiog 
scale  B  to  the  line,  and  look  up  jc  on  5  as  before,  finding  the  result  again  on  A» 


Example:    -^^-— ^ ^  =  i  ^60. 

452 

Here  we  set  the  sliding  indicator  on  981  on  D  (which  is  the  position  for  (981)' 
on  /I),  and  bring  452  on  sliding  scale  B  to  line,  then  looking  up  638  on  B  find  136 
on  A .  The  location  of  the  decimal  point  is  made  by  a  hasty  approximate  mental 
computation.     Thus,  (98.1)*  is  nearly  io,:xx),  and  63.8  will  go  into  452  about  7 

times.     — '■ —  is  about  1400.     Hence  the  result  is  1360. 

To  find  the  square  or  square  root  of  a  number  simply  set  the  sliding  indicator 
on  the  number,  finding  this  on  A  if  the  square  root  is  sought,  and  on  D  if  the  square 
is  to  be  found,  the  result  being  then  under  the  same  line  on  the  other  scaje.     In 
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^11  —  —  -  -  -       ,—         _____  -  ^ — — — , ^^— 

finding  square  roots  use  only  the  left-hand  half  of  scale  A  for  an  odd  number  of 
figures  to  the  left  of  the  decimal  point,  and  the  right-hand  half  for  an  even  number, 
d  figures  before  the  decimal  point. 

Examples:     Find  the  square  of  34.8. 

Setting  the  line  of  the  transparent  indicator  on  348  of  scale  D,  it  is  found  to 
coincide  with  121  of  scale  A.  The  answer  is  evidently  12 10,  to  the  nearest  reading 
of  the  rule. 

Find  the  square  root  of  7.56. 

Set  the  line  of  the  indicator  on  756  of  first  half  of  scale  A,  and  find  under  same 
line  275,  the  answer  being  evidently  2.75. 

Find  the  square  root  of  13.9. 

Set  the  line  of  the  indicator  on  139  on  right  half  of  scale  A,  and  find  below  D 
3.72  as  the  answer. 

To  find  the  cube  0/  a  number  we  have  a'= .     Hence  set  i  on  B,  opposite 

a  on  Dy  then  for  a  on  B  we  find  a'  on  A. 

Example:     Find  the  cube  of  6.48. 

Bring  line  of  transparent  indicator  over  6.48  on  Z>,  and  bring  i  on  B  to  this 
mark.    Then  opposite  6.48  on  B  find  272  on  A. 
To  find  the  cube  root  we  reverse  the  process. 

Thus  ^o=JC,  wherein  =  a.     Here  we  must  find  an  unknown  number 

such  that  when  it  falls  on  B  under  the  given  number  on  i4,  it  is  also  found  on  D 
opposite  unity  (ri^ht  or  left)  on  C. 

Example:     Find  the  cube  root  of  456. 

Knowing  approximately,  by  inspection,  that  it  is  in  the  vicinity  of  8,  we  bring 
Son  B  under  456  on  A  (putting  first  the  line  on  the  transparent  indicator  at  456  on 
.4  for  convenience);  we  then  find  that  the  right-hand  index,  or  unity,  6n  C  falls 
a  little  to  the  left  of  8  on  D.  By  a  little  adjustment  of  the  sliding  scale  we  find 
that  when  770  on  B  comes  to  the  line  (456  on  ^)  that  770  is  also  opposite  unity 
on  C  at  the  right  end.     The  answer  is  therefore  7.7. 
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If  the  number  had  been  45.6,  we  should  have  had  to  use  the  right-hand 
of  A  and  the  left-hand  index  of  C,  thus  finding  the  answer  to  be  3.57. 

For  carrying  on  continuous  computations^  as    r« -.  we  may  take  -~  first,  and 

by  setting  6  on  5  to  a  on  /I,  move  the  transparent  indicator  to  g  on  B.  Then  set 
/on  B  to  this  line  and  move  indicator  to  h  on  B.  Then  set  A  on  B  to  this  line 
again,  and  look  up  x  on  By  opposite  to  which  is  the  answer  on  A. 

Th„«  2.4aXi6.9X64Xo.i32 

^  42.9X0.046X3.26         5^^' 

Here  we  set  429  on  B,  opposite  242  on  /I,  and  move  line  on  indicator  to  169  on 
B,  Then  move  46  on  B  to  line,  and  set  indicator  on  64  on  B.  Then  move  326 
on p  to  the  line,  and  look  up  132  on  B,  Opposite  this  find  the  answer  537  on  A. 
To  find  the  position  of  the  decimal  point  we  perform  a  mental  computation  like 
this:  2.42X16.9= about  40;  o.i32-=about  7,  and  this  into  6^4  is  about  9;  9X40= 
360;  0.046  is  about  5*5,  and  this  into  42.9  is  about  2;  2X3.26  is  about  7;  \  ol  360 
is  about  50;   hence  the  answer  is  53.7,  rather  than  5.37  or  than  537. 

It  goes  without  saying  that  any  one  or  more  of  these  numbers  could  have  been 
a  square,  in  which  case  scale  C  is  used  in  place  of  B  and  scale  D  in  place  of  A . 

TRIGONOMETRICAL  COMPUTATIONS. 

On  the  under  side  of  the  slide  three  scales  will  be  found,  the  upper  one  marked 
5,  being  a  scale  of  natural  sines,  and  the  lower  one  marked  7",  a  scale  of  natural 
tangents.  Between  these  is  a  scale  of  equal  parts,  which  gives  the  logarithms  cor- 
responding to  the  series  of  numbers  on  scale  D. 

In  order  to  use  these,  place  the  slide  in  the  groove  with  the  under  side  upper- 
most, and  the  left  and  right  indices  coinciding.  On  A  will  then  be  found  the  sines 
of  the  angles  given  on  5",  those  on  the  left  of  scale  A  having  the  characteristic—  i, 
and  those  on  the  right  of  scale  Ay  the  characteristic  o,  thus  we  find: 

Sine  3^=0.0523,  on  left  of  scale  A. 
Sine  15®  10' =  0.262,  on  right  of  scale  A, 

» 

We  have  on  D  the  tangents  of  the  angles  given  on  T,  the  characteristic  being 
always  o;  thus,  tan  25^=0.466  on  scale  D.  The  scale  gives  the  tangents  from  6 
to  45  degrees  only;  for  angles  less  than  6*^  the  tangent  is  practically  the  same  as 
the  sine;   larger  angles  must  be  found  by  the  formula, 

tan  a  — ; . 

tan  (90— a) 
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The  sines  and  tangents  of  angles  may  be  found  without  reversing  the  slide,  by 
setting  the  given  angle  on  scale  5  or  T  to  the  Index  line  on  the  transparent  disk  on 
the  under  side  of  the  rule,  and  reading  off  the  sine  on  B  or  tangent  on  C  opposite 
the  right-hand  index  marks  of  the  scales  A  and  D. 

The  Logarithms  of  numbers  are  found  in  a  similar  manner  by  setting  the  left 
index  of  C  to  the  given  number  on  D,  and  reading  off  the  logarithms  on  the  scale 
of  equal  parts  under  the  index  on  the  reverse  side  of  the  rule. 

With  the  scale  of  equal  parts  the  cube  and  other  roots  or  powers  may  be  extracted, 

such  as  jf*,  jc  '     etc. 

Example:     Find  4^  or  y/4^. 

By  the  above  method  log.  4=. 602,  and  log.  4*=  .602X4=1.505.  Now  by 
placing  505  on  the  log.  scale  on  the  lower  side  of  the  slide  at  the  index  line  on  the 
under  side  of  the  rule,  we  find  32  on  scale  D  under  the  left  index  of  C,  which  is 

therefore  equal  to  4*,  the  logarithmic  index  being  i. 

The  position  of  the  decimal  point  in  all  these  cases  will  be  easily  ascertained 
bv  those  accustomed  to  this  class  of  calculations. 


BOOK   II 

METHODS   OF   PLANE   SURVEYING 


CHAPTER  VII 
LAND  SURVEYING  ^ 

144.  Purposes.  All  surveys  of  land,  properly  so  called,  are 
made: 

(a)  For  the  purpose  of  establishing  certain  monuments, 
comers,  lines,  and  boundaries,  as  in  laying  out  and  dividing 
land,  or, 

(b)  For  the  purpose  of  identifying  and  locating  such  monu- 
ments, lines,  and  boundaries,  after  they  have  been  established, 
as  in  all  resurveys  for  location  and  area. 

In  all  C2tses  the  boundary  and  dividing  lines  are  the  traces 
of  vertical  planes  on  the  surface  of  the  ground,  and  the  area  is 
the  area  of  the  horizontal  plane  included  between  the  bound- 
ing vertical  planes.  In  other  words,  the  area  soughjt  is  the  area 
of  the  horizontal  projection  of  the  real  surface. 

145.  In  Lajring  Out  Land  the  work  consists  in  running  the 
bounding  and  dividing  lines  over  all  the  irregularities  of  the 
surface,  leaving  such  temporary  and  permanent  marks  as  the 

^  See  Appendix  G  for  the  essential  requirements  of  a  survey  and  map. 

180 
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work  may  demand.  These  lines  to  lie  in  vertical  planes,  and  their 
bearings  and  horizontal  distances  to  be  found.  The  bearing  of 
a  line  is  the  horizontal  angle  it  makes  with  a  meridian  plane 
through  one  extremity,  and  its  length  is  the  length  of  its  horizontal 
projection.  This  reduces  the  plot  of  the  work  to  what  it  would 
be  if  the  ground  were  perfectly  level.  If  all  the  straight  lines 
of  a  land-survey  lie  in  vertical  planes,  and  if  their  bearings  and 
horizontal  lengths  are  accurately  determined,  then  as  a  land 
survey  it  is  theoretically  perfect,  whatever  the  purpose  of  the 
survey  may  be. 

Until  recent  years  the  needle  compass  and  Gunter's  chain 
have  been  almost  exclusively  used  in  land  surveying.  The 
transit  and  tape  when  available  are  now  used.  Most  of  the 
trouble  which  has  resulted  from  the  use  of  the  compass  has 
arisen  from  a  failure  to  make  frequent  determinations  of  the 
declination.  An  observation  on  the  sun  by  the  method  given 
in  Arts.  98  or  loi,  or  by  the  methods  described  in  Chapter 
XV,  should  be  made  in  each  township,  and  a  true  meridian 
marked  on  the  ground  at  every  county-seat.  The  compass 
should  be  set  up  on  this  meridian  as  often  as  once  a  year,  at 
about  10  o'clock  A.M.,  and  the  declination  noted.  The  annual 
change  in  declination  found  at  the  county-seat  could  then  be 
attributed  to  each  of  the  declinations  found  in  the  several  town- 
ships of  the  county,  and  so  a  continuous  corrected  record  of  the 
true  declination  kept  for  all  parts  of  the  county. 

146.  Monuments.  All  marks  of  whatever  description  left 
on  or  near  the  surface  of  the  ground,  such  as  stones,  stakes, 
mounds,  holes,  or  trees  specially  marked  and  described,  for  the 
purpose  of  designating  a  particular  point  on  the  surface  as  a 
landmark,  are  called  monuments  or  land  bounds. 

All  land  monuments  set  by  surveyors  should  be  stones,  suit- 
ably cut  and  marked,  and  planted  in  the  ground.  Surveyors 
cannot  insist  too  strongly  on  the  necessity  of  setting  permanent 
monuments  to  mark  land  boundaries  at  the  time  these  bound- 
aries are  first  established  and   before  the  survey  passes  beyond 
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their  own  control.  It  will  not  do  to  trust  that  someone  inter- 
ested will  replace  the  temporary  marks  by  those  of  a  more 
permanent  character  afterwards,  both  because  this  is  likely  to 
be  entirely  neglected,  and  also  because  of  the  cloud  thus  thrown 
over  the  authority  of  the  monument  itself  from  the  fact  that 
it  is  not  the  original  mark. 

Monuments  are  used  not  only  to  mark  comers  of  tracts  of 
land,  but  also  to  mark  points  in  straight  lines,  as  in  State  bound- 
aries, and  points  fixed  by  triangulation  in  geodetic,  topographical. 
State,  and  municipal  surveys. 

147.  Significance  and  Authority  of  Monuments.  Whenever 
monuments  are  placed  in  any  scheme  of  land  subdivision,  and 
these  monuments  are  described  in  the  conveyance  of  such  lands 
when  sold,  they  thereby  acquire  a  perpetual  and  controlling 
significance.  It  matters  not  how  frail  and  temporary  a  monu- 
ment may  have  been — sl  mere  peg  stuck  in  the  ground — if  it 
did  at  the  time  designate  a  particular  point  in  the  boundary  of 
the  tract,  and  if  such  monument  is  recognized  in  the  deed,  its 
position  controls  the  location  absolutely.  In  any  subsequent 
survey  for  the  location  of  the  boundary  it  becomes  supremely 
important  to  identify  with  certainty  the  true  j)osition  of  such 
monument.  The  field  notes  of  the  original  survey,  or  any 
description  of  the  boundaries  in  the  deed,  or  the  area  called  for. 
have  no  weight  in  determining  the  position  of  the  lines  and 
comers  as  against  the  certain  identification  of  the  monuments 
also  recognized  in  the  conveyance.  What  the  conveyer  sold 
and  the  purchaser  bought  was  a  certain  fixed  tract  of  land 
which  should  have  been  marked  at  one  time  by  visible  monu- 
ments. In  this  case  the  field  notes  are  material  evidence  of 
the  original  position  of  the  monuments,  but  since  errors  in 
surveying  are  not  uncommon,  and  since  the  supposed  area  of 
the  tract  is  computed  from  these  field  notes,  tieither  the  area 
nor  the  description  by  course  and  distance,  called  for  in  the 
deed,  are  allowed  to  hold  as  against  the  proved  location  of  the 
original  monuments,  also  called  for  in  the  deed.    . 
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Surveys  are  always  subject  to  revision  and  correction,  but  a 
monument  once  set  and  used  in  a  conveyance  cannot  be  changed, 
oarept  by  the  free  consent  of  all  parties  concerned,  even  though 
its  position  is  not  what  it  wis  intended  to-  be,  or  not  what  it 
is  said  to  be,  in  the  written  description..  There  is  therefore  an 
inviolableness  and  absoluteness  of  control  in  recognized  monu- 
ments which  does  not  pertain  to  any  surveys  or  to  any  descrip- 
tions or  areas  dependent  on  surveys.* 

148.  Lost  Monuments.*    When  monuments  have  once  been 
established  and  used  in  conveyances  and  afterward  disappear 
or  are  lost,  they  cannot  be  re-established  as  an  absolute  authori- 
tative control  by  any  survey  or  agreement  of  surveys.     Nothing 
but  consent  or  acquiescence  of  all  the  parties  in  interest,  or  a 
judgment  of  the  court  can  replace  a  lost  monument.     Surveys 
and  the  judgment  of  surveyors  are  valuable  evidence  in  deter- 
mining where  the  original  monument  was  placed,  but  the  sur- 
veyor has  no  authority  or  right  to  replace  or  re-establish  a  lost 
monument,  or  to  certify  to  its  position,  unless  he  can  find  such 
trace  of  the  original  monument  itself,  or  of  a  witness  point,  which 
may  serve  to  identify  its  position  with  certainty.    He  may  then 
replace  it  by  a  more  permanent  mark,  and  by  recording  a  full 
description  of  his  work  the  new  monument  may  be  recognized 
as  having  all  the  authority  of  the  original.     But  any  location 
of  a  monument  based  on  the  field  notes  of  the  original  survey, 
even  in  conjunction   with  other  well-authenticated  monuments 
a  considerable  distance  oflf,  cannot  serve  to  "  establish  "  such 
monument.     It  serves  only  as  so  much  evidence,  to  be  taken 
in  connection  with  all  other  evidence,  material  and  personal, 
such  as    fence    lines,    acknowledged   boundaries,    testimony   of 
witnesses,  etc.,  which  evidence  may,  and  often  does,  outweigh 
the  evidence  furnished  by  the  survey.     In  such  a  case  the  surveyor 
is  an  expert  witness,  engaged  to  interpret  the  original  field  notes 
and  the  find  where  they  would  place  the  lost  monument;    but 

*  See  chapter  on  City  Surveying,  also  Appendix  I. 
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inasmuch  as  the  original  field  notes  may  not  have  agreed  with 
the  actual  position  of  the  monument,  any  number  of  resurveys 
or  agreement  of  resurveys  cannot  of  themselves  be  so  conclusive 
evidence  of  its  original  position  as 'to  prevent  an  appeal  to  the 
courts. 

149.  Re-Rtmning  Old  Survey  from  a  Deed.  Here  the 
surveyor's  efforts  are  mainly  centred  in  locating  on  the  ground 
the  original  position  of  the  boundaries  described  in  the  deed. 
If  the  length  and  bearings  do  not  exactly  agree  with  the  original 
monuments,  or  with  the  original  location  of  the  boundaries, 
then  as  stated  before  the  former  must  yield  to  the  monuments. 
Even  where  the  old  stakes  are  rotted  away,  a  careful  search  will 
frequently  discover  the  hole  in  which  was  located  the  old  stake. 
Again  in  case  of  the  obliteration  of  witness  trees  by  natural  or 
artificial  causes,  a  skilful  use  of  the  pick  and  spade  will  often 
be  sufficient  to  uncover  their  original  location. 

If  the  directions  of  the  boundary  lines  were  defined  in  the 
deed  by  magnetic  bearings  as  was  formerly  the  custom,  the  first 
step  in  the  resurvey  will  be  to  find  the  declination  of  the  needle 
at  the  time  of  the  original  survey.  If  this  is  not  given  in  the 
original  deed  or  plat  its  approximate  value  can  sometimes  be 
computed  from  data  compiled  by  the  U.  S.  Coast  and  Geodetic 
Survey,^  provided  the  date  of  the  original  survey  is  known. 

The  change  in  declination  since  the  original  survey  was  made 
can  now  be  determined  and  the  bearings  corrected  to  date.  Or, 
better  still,  if  one  of  the  lines  can  be  identified  from  the  marks 
of  the  old  survey,  the  present  bearing  of  the  same  line  can  now 
be  observed  and  the  change  in  declination  computed.  As  a 
transit  would  usually  be  used  on  the  resurvey  the  interior  angles 
could  be  computed  from  the  bearing  given  in  the  deed  and  then 
turned  off  in  proper  order  from  the  single  re-established  line. 
If  more  than  one  of  the  old  boundaries  can  be  identified,  a  coip- 

*  See  a  special  publication  of  the  U.  S.  Coast  and  Geodetic  Survey  in  1902, 
entitled  "Magnetic  Declination  Tables  and  Isogenic  Chart  for  1902;"  also  another 
with  same  title  in  1908. 
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parison  of  the  results  obtained  by  using  each  as  an  initial  line 
from  which  to  turn  the  angles  will  give  some  idea  of  the  accuracy 
of  the  original  survey. 

Where  the  records  of  the  survey  in  question  are  found  either 
insufficient   or  inconsistent,   valuable  aid   may   be  secured   by 
examining  old  deeds  of  adjoining  lands.     Such  an  examination 
should  be  made  in  the  respective  county  Register  of  Deeds  office 
or  sometimes  in  the  office  of  the  city  or  town  clerk.    To  save 
time  in  such  searches,  the  register  of  deeds  keeps  an  index  of  all 
transactions,  both  for  the  grantee  and  grantor.     See  also  Art.  337. 
150.  Significance  of  Adverse  Possession  of  Land.^    Because 
of  the  sanction  of  the  law,  property  lines  are  often  fixed  quite 
independent  of  descriptions  in  deeds,  a  fact  which  every  surveyor 
should  recognize.    Adverse  possession  has  been  defined  as  **  an 
actual  and  visible  appropriation  of  land  commenced  and  con- 
tinued under  claim  of  right,  inconsistent  with  and  hostile  to  the 
claim  of  the  true  owner."  ^    Briefly  stated,  the  law  provides 
that  if  a  person  arid  his  predecessor  in  title  have  continuously 
and  exclusively  claimed  and  occupied  a  piece  of  real  estate  for  a 
certain  term  of  years,  and  if  this  occupation  has  been  open  and 
notorious  and  hostile  to  the  world,  even  if  such  person  is  not  the 
rightful  owner,  the  latter  is  estopped  by  law,  after  the  end  of  the 
statutory  period,  from  establishing  his  claim  in  a  court  of  law. 
The  continuous  and  exclusive  use  and  possession  of  the  land  for 
the  statutory  period  raises  the  presumption  that  the  possession 
was  adverse  and  puts  the  burden  of  proof  on  the  plaintiff.    While 
the  operation  of  this  law  sometimes  works  an  injustice,  it  has  been 
found  that  the  security  of  title  and  the  general  interests  of  society 
require  it.     Without  such  a  law  the  doors  of  the  courts  would 
be  open  "  to  stale  claims  which  experience  has  shown  spring 
up  at  great  distances  of  time  when  important  witnesses  are  dead 
or  material  evidence  is  lost  or  destroyed."^ 

*  See  Engineering  Contracting,  1910,  article  by  George  Teeple,  Feb.  2,  1910. 
'Texas  Revised  Statutes,  Section  3198. 
'  Ballard  on  Real  Property,  Vol.  I,  p.  65. 
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151.  Kinds  of  Adverse  Possession.  In  general  it  may  be 
stated  that  when  claims  of  adverse  possession  are  made  undei 
some  color  of  title,  as  a  deed  or  other  written  instrument,  only 
ten  years  of  adverse  possession  are  required  to  establish  the  title. 
But  when  a  claim  is  not  founded  on  some  color  of  title,*  the 
statute  provides  that  twenty  years  of  adverse  possession  are  nec- 
essary to  insure  title.  Now  it  is  evident  that  (i)  when  a  fence 
is  built  to  mark  a  boundary  but  not  placed  on  the  true  line,  the 
land  between  the  fence  and  the  true  boundary  is  adversely  held, 
and  if  so  held  for  the  legal  time  the  title  to  the  land  will  pass  to 
the  adverse  holder.  Any  survey  of  such  a  line,  after  the  elapse 
of  such  statutory  period,  is  valueless. ^  Indeed  this  is  always  the 
case  when  the  fence  has  been  set  by  agreement  of  both  parties 
that  it  shall  be  the  boundary,  right  or  wrong. 

(2)  But  if  the  erroneous  fence  is  built  for  convenience  only, 
both  parties  recognizing  that  it  is  not  the  boundary,  possession 
founded  on  such  fence  has  been  held  not  to  be  adverse. 

(3)  A  third  and  most  common  case  is  the  following:  The 
fence  is  built  without  any  distinct  agreement,  but  both  parties 
acquiescing  in  the  fence,  supposing  it  to  be  the  true  line.  In  far 
the  greater  part  of  the  United  States,  the  courts  have  held  that 
in  this  case  also,  the  possession  of  the  controverted  strip  is 
adverse  and  will  ripen  in  time  into  perfect  legal  title.^ 

(4)  If  the  two  descriptions  in  the  deed  of  contiguous  proper- 
ties overlap,  the  adverse  possession  is  evidently  with  color  of  title, 
but  if  both  deeds  call  for  the  same  boundary,  the  possession  is 
'*  without  color  of  title." 

It  is  also  a  settled  principle  of  law  that  while  the  public  can 
get  adverse  possession  against  an  individual,  as  for  example  by 


*  When  the  adverse  user  can  show  some  written  document  which  apparently 
should  give  him  legal  title,  but  which  by  reason  of  some  defect  fails  to  do  so, 
he  is  said  to  hold  adversely  with  "  color  of  title."  Without  such  written  docu- 
ment his  holding  is  said  to  be  *'  without  color  of  title." 

*  Unless  the  adverse  possessor  relinquished  his  rights. 
'  In  Maine  and  Missouri  the  contrary  has  been  held. 
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using  private  land  as  a  road,  the  individual  cannot  get  adverse 
possession  against  the  public.  Thus,  for  example,  an  individual 
might  fence  up  a  road  for  twenty  or  more  years,  but  by  doing 
lo  he  secures  no  rights.  The  proper  authority,  town  board  or 
city  council,  could  at  any  time  order  open  the  closed  road. 

The  surveyor  who  has  occasion  to  make  relocations  of  old 
lines  should  become  familiar  with  the  provision  of  the  law,  and  the 
supreme  court  decisions  of  his  own  State  on  this  subject,  both  in 
his  own  interest  and  in  the  interests  of  his  clients.  By  this  it  is 
not  meant  that  he  should  usurp  the  place  of  judge  and  jury. 
His  duty  it  is  to  report  the  facts  to  his  client  as  near  as  he  can 
determine  them,  but  in  many  cases  an  understanding  of  the  force 
of  adverse  possession  would  greatly  assist  in  sifting  out  the  facts. 
The  total  ignorance  of  or  disregard  for  the  application  of  adverse 
possession  in  determining  boundaries  is  a  fruitful  course  of 
expensive  and  useless  lawsuits. 

Prihciples  and  Laws  Bearing  on  the  Resurvey  of  Private 

Lands  ^ 

152.  The  Problem  Stated.  In  all  resurveys  of  private 
lands,  whether  for  running  boundaries,  computing  areas,  or  for 
parting  off  or  dividing  land,  it  is  first  necessary  to  examine  the 
description  of  the  tract  as  given  in  the  deed  of  conveyance,  and 
then  to  identify  such  marks,  comers,  boundaries,  and  monuments 
on  the  ground  as  have  been  used  in  the  description.  The  identi- 
fication of  these  monuments  often  taxes  the  expertncss  and  skill 
of  the  surveyor  to  the  utmost,  and  it  is  here  that  the  greatest 
experience  and  judgment  are  recjuired.  The  original  monu- 
ments, if  there  were  any  placed,  may  have  been  entirely  lost, 
and  they  may  or  may  not  have  been  replaced  by  others.     If 


*  The  rules  laid  down  here  are  mostly  derived  from  State  Supreme  Court 
(iecisioiis  in  cases  which  arose  over  boundaries  established  by  the  compiiss  and 
chain,  and  hence  do  not  apply  so  well  to  city  and  town  surveys  made  with  greater 
exactness.     See  also  Appendices  G  and  I. 
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they  have  been,  it  remains  to  be  determined  how  reliable  these 
secondary  monuments  arc.  In  the  absence  of  monuments 
specially  set  other  natural  or  artificial  features  may  have  been 
used  in  the  description  or  have  by  use  acquired  the  force  and 
authority  of  monuments.  There  may  also  be  gross  discrep- 
ancies between  the  position  of  the  monuments  and  the  descrip- 
tion or  area  named  in  the  deed.  There  may  also  be  a  contro- 
versy between  the  parties  in  interest  as  to  the  real  boundaries 
which  the  surveyor  may  be  wholly  unable  to  decide.  This  much, 
however,  is  certain,  that  any  location  of  a  comer  or  line  by  course 
and  distance  is  likely  to  be  very  uncertain  and  unsatisfactory, 
especially  where  the  needle-compass  was  used  in  the  original 
survey.  Every  eflfort  should  be  made  to  find  some  trace  of  the 
original  monuments,  if  any  were  set,  or  to  decide  from  all  the 
evidence  available,  both  material  and  personal,  what  the  real 
boundaries  are. 

The  surveyor  has  no  judicial  authority  to  fix  or  establish 
anything.^  He  is  simply  an  expert  witness  called  in  to  assist 
by  his  knowledge  and  experience, '  and  with  the  aid  of  his  sur- 
veying instruments,  to  find  the  true  lines  and  boundaries.  His 
acts  are  at  all  times  subject  to  review  in  the  courts,  and  he  should 
try  and  subject  his  decisions  to  the  same  rules  and  precedents 
which  are  likely  to  govern  the  court.  He  may  thus  save  him- 
self from  much  embarrassment  and  his  client  from  unnecessary 
expense. 

Where  a  surveyor  makes  gross  blunders  in-  his  work,  showing 
incompetency,  he  is  often  held  for  any  damages  which  may  result. 
In  inany  cities  licensed  surveyors  are  under  a  heavy  bond  and  are 
held  liable  for  any  erroneous  locations  they  may  make.  The 
title  to  the  map  should  state  what  and  where  the  survey  is,  the 
scale  used,  date  and  name  of  the  surveyor. 


*  Sec  the  valuable  paper,  by  Chief- Justice  Cooley,  <m  *'The  Judicial  Functiona 
of  Surveyors,"  read  l)cfore  the  Mic  higan  Association  of  Kngitieers  and  Surveyors, 
and  printed  in  full  in  Appendix  A.  See  also  Appendices  G  and  I,  and  Hocjgman's 
Field  Manual,  p.  222. 
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Surveyors'  records  and  plats  should  always  be  complete  and 
definite,  otherwise  they  cannot  be  admitted  as  evidence. 

The  following  propositions  are  based  on  judicial  decisions 
which  are  thought  to  have  all  the  force  and  .authority  of  law, 
in  the  absence  of  special  statutes  governing  the  case: 

153.  The  Interpretation  of  Descriptions  in  Deeds  and  the  Identification 
of  Boundaries. — General  Rules. — i.  If  the  description  is  inconsistent,  insufficient, 
doubtful,  or  capable  of  two  or  more  constructions,  the  purchaser  is  to  be  given 
the  reasonable  benefit  of  such  defects.  That  is  to  say,  that  interpretation  of  the 
description  must  be  given  which  b  most  favorable  to  the  purchaser. 

But  if  the  intention  is  evident  on  the  face  of  the  instrument,  or  if  the  parties 
by  their  acts  have  shown  a  mutual  agreement  or  acquiescence  in  a  certain  inter- 
pretation of  the  description,  this  meaning  will  hold  and  bind  the  parties. 

3.  Where  any  inconsistency  in  the  description  arises  from  a  false  or  impossible 
statement,  and  by  rejecting  such  evident  error  the  remaining  description  becomes 
consistent  and  possible,  then  such  parts  should  be  rejected  and  the  deed  allowed 
to  stand. 

Also,  when  parts  of  the  description  are  certain  and  others  uncertain  or  impos- 
sible, if  the  inconsistency  can  be  removed  by  rejecting  one  or  more  of  the 
uncertain  portions,  this  may  be  done,  but  every  call  in  the  description  must  be 
answered  if  it  can  be  done,  and  none  rejected  if  all  the  parts  can  stand  con- 
sistently together. 

Again,  an  entire  side  which  has  evidently  been  omitted  from  the  description 
may  be  supplied  if  the  monuments  and  area  may  thereby  be  made  to  agree  with 
the  description.  If  possible,  however,  every  call  in  the  description  should  be 
satisfied  by  the  surveyor  in  locating  the  property.* 

3.  The  certain  description  must  prevail  over  the  uncertain. 

4*  A  description  must  be  interpreted  in  such  a  manner  as  will  make  it  most 
consistent  as  a  whole,  disregarding  conflicting  details. 

5.  In  case  of  overlapping  descriptions,  the  prior  description  will  take  prece- 
dence over  the  later  ones. 

6.  When  a  description  calls  for  land  owned  and^occupied,  the  actual  line  of 
occupation  is  a  material  call  to  be  considered  in  locating  the  land  lines. 

7.  When  a  description  calls  for  unmarked  lines  oi  surrounding  surveys,  the 
position  of  which  can  be  accurately  located,  and  there  is  no  evidence  as  to  how 
the  survey  in  question  was  made,  then  such  unmarked  lines  in  case  of  conflict, 
will  prevail  over  courses  and  distances  given  in  the  description  in  question. 

8.  When  reference  is  made  in  a  description  to  a  government  or  other  survey, 

*  Sec  also  Art.  336,  Chapter  XII,  on  City  Surveying. 
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such  survey  Ijccoraes  a  legal  part  of  the  description  and  must  be  used  in  its  inier- 
pretation. 

9.  All  descriptions  in  deeds  must  be  construed  in  the  light  of  what  was  known 
to  be  in  the  minds  of  the  parties  at  the  time  the  description  was  first  written, 
and  with  reference  to  such  plats,  facts,  and  monuments  as  then  existed. 

10.  The  law  presuoies  the  deed  was  drawn  with  an  honest  intent  to  convey 
the  property.  The  description  must,  therefore,  be  construed,  if  possible,  in 
such  a  way  as  to  make  it  effectual  rather  than  void. 

11.  If  the  lines  are  fixed  by  monuments,  and  these  can  be  clearly  identified, 
and  are  used  in  the  description,  such  lines  arc  the  true  boundaries,  and  are  to  be 
determined  by  a  resurvey,  even  though  they  differ  from  the  plat,  or  from  the 
description  given  in  the  deed.  Any  conclusive  evidence  of  the  original  location 
of  these  lines  and  monuments  will,  therefore,  overrule  all  surveys  or  other  forms 
of  evidence  of  where  they  should  have  been.  If  the  boundaries  were  not  marked 
at  the  time  the  plat  was  made,  then  the  description  is  to  govern,  subject  to  the  . 
rules  on  excess  and  deficiency  given  below. 

12.  Where  land  is  simultaneously  subdivided  into  numerous  tracts,  as  in  the 
case  of  the  United  States  land  surveys  and  in  the  case  of  town  plats,  all  the  marks, 
lines,  and  monuments  set  in  the  original  survey  for  subdivisions  serve  as  marks, 
lines,  and  monuments  for  every  tract  or  lot  in  the  original  survey  and  are  some 
evidence  of  the  location  of  each  tract  or  lot.  In  the  absence  of  monuments 
marking  the  location  of  a  particular  tract  or  lot  other  monuments  of  the  same 
original  survey  may  be  used,  but  monuments  placed  in  preceding  or  subsequent 
surveys,  or  in  surveys  of  adjoining  territory  not  a  part  of  the  given  subdivision, 
cannot  usually  be  so  used. 

13.  In  the  absence  of  monuments  which  can  be  identified,  conclusive  evidence 
of  the  original'position  of  such  monuments,  or  of  the  lines  themselves,  may  set 
aside  the  courses  and  distances  called  for  in  the  deed.  In  short,  boundaries  may 
Ix;  proved  on  such  testimony  and  evidence  as  may  be  adduced  to  establish  any 
other  fact.  The  surveyoF  should,  however,  give  great  weight  to  the  courses  and 
distances  called  for,  as  a  part  of  such  material  evidence. 

14.  Where  streets  have  Ixicn  opened  and  used  for  a  long  period  and  the  lines 
marked  by  fences  or  other  material  Ijoundary,  and  these  lines  have  l)cen  acquiesced 
in  without  protest,  such  marks  obtain  the  force  and  authority  of  monuments  and 
should  not  Ije  disturbed  because  of  any  disagreement  with  the  original  plat  and 
description. 

15.  .Ml  monuments  established  in  United  Slates  land  surveys  arc  presumed  to 
l)e  equally,  well  placed  and  have  e(jual  authority  or  weight  in  determining  l)oun- 
darics.  Thus  a  quarter-section  corner  has  the  same  weight  as  a  township  or 
section  corner,  even  in  fixing  a  township  line.  Also,  section  corners  set  on  lines 
cl(ising  on  the  north  and  west  sides  of  townships,  though  \\o\  lying  on  llie  original 
township  lines,  should  still  govern  in  locating  the  section  lines. 
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16.  In  the  United  States  land  surveys  the  several  si^^d  tracts  are  section, 
quarter-section,  half-quarter  section,  and  quarter-quarter  section.  These  are 
presumed  to  contain  640,  160,  80,  and  40  acres  respectively,  and  the  (government 
sold  them  as  containing  these  amounts.*  The  manner  of  subdividing  a  section 
is  defined  by  law  (see  p.  218),  and  hence  any  actual  subdivision  of  a  section  into 
quarters  and  a  quarter-section  into  halves  and  quarters  again  is  always  subject 
10  revision  and  correction  until  the  law  is  satisfied,  except  that  the  quarter-section 
comers  planted  on  the  section  lines  by  the  United  States  Deputy  Surveyors  cannot 
be  changed. 

Particular  Cases. — i.  Where  *land  is  described  as  being  "owned  and  occu- 
pied," the  actual  line  of  occupation  is  a  material  call  of  the  deed. 

2.  Where  a  boundary  line  is  defined  by  distance  and  terminus  at  a  known 
point  or  line,  this  known  terminus  fixes  the  length  of  the  line.  If  the  position 
of  the  terminus  is  uncertain  the  distance  governs. 

3.  Acquiescence  in  a  given  boundary  erroneously  placed  does  not  alone  fix  the 
boundary  if  the  issue  has  not  arisen,  and  if  the  fact  of  such  error  has  not  come 
to  the  attention  of  the  parties,  but  such  acquiescence  if  continued  for  a  sufficient 
period  of  time,  usually  20  years,  will  in  nearly  all  the  States  make  such  boundary 
the  legal  one. 

4.  A  course  described  as  running  from  point  A  to  point  B  is  presumably  a 
stnight  line,  but  if  not  so  stated  it  may  be  construed  as  a  crooked  or  curved  line 
if  it  is  understood  to  follow  some  natural  feature  of  the  landscape. 

5.  The  terms  "southerly,"  "westerly,"  etc.,  are  to  be  construed  as  meaning 
due  south,  due  west,  etc.,  if  there  is  nothing  to  indicate  the  contrary.  ALso  where 
lenns  of  approximation  are  used,  such  as  "about,"  "as  near  as  may  be,"  and  the 
like,  if  the  exact  figures  given  fit  the  case  and  satisfy  the  description  as  well  as 
any  other,  the  interpretation  is  limited  to  the  figures  stated. 

6.  Where  the  described  boundaries  are  complete  and  consistent,  but  incon- 
sistent with  the  stated  area,  the  boundaries  hold  as  against  the  area.  If  the 
boundaries  are  doubtful  the  area  may  control. 

7.  Where  the  call  is  simply  for  a  given  area  without  dimensions  it  must  l)e 
taken  in  the  form  of  a  square  if  such  a  rendering  is  not  excluded  by  some  other 
ronditKHi.  If  one  side  of  the  tract  is  given  in  line  and  distance  it  must  be  laid 
out  as  a  rectangle  upon  such  side. 

8.  Where  lines  are  laid  down  on  a  map  or  plan  and  are  referred  to  in  a  con- 
veyance of  laiKl,  the  courses,  distances,  etc.,  appearing  on  such  plan  are  to  l^e  as 

'  Whenever  these  legal  subdivisions  are  mentioned  as  such  in  deeds  of  con- 
veyance, as  "the  S.  E.  40  acres  of  the  N.  E.  quarter  of  section  10,"  etc.,  nothing 
nwre  is  intended  than  simj>ly  "the  S.  E.  quarter  of  the  N.  E.  ([uarter  of  section 
ic,"  etc..  and  the  conveyor  cannot  be  held  for  the  full  area  named. 
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much  considered  tke  true   description   of   the  land   conveyed  as  they  would    if 
expressly  recited  in  the  deed. 

9.  Land  bordering  on  a  public  highway  usually  takes  to  the  centre  of  the 
highway,  unless  expressly  stated  to  the  contrary.  This  usually  applies  to  city 
and  town  lots  where  the  streets  have  been  reserved  in  the  original  plat. 

'  10.  All  surveys  and  descriptions  should  close  when  platted,  and  the  surveyor 
is  usually  at  liberty  to  use  his  judgment  in  correcting  either  course,  or  distance, 
or  both,  where  no  monuments  are  identified  with  sufficient  certainty  to  give  them 
authority.  Where  monuments  remain  they  control  the  boundaries  so  far  as  they 
go,  in  which  case  the  description  is  not  obliged  to  close,  or  if  it  is  made  to  close 
the  points  marked  by  monuments  must  not  be  disturbed. 

In  closing  a  survey  or  description,  ihere  being  no  other  guide,  that  method 
will  be  used  which  will  convey  the  greater  quantity  of  land  in  accordance  with  the 
principle  that  the  description  is  to  be  construed  in  favor  of  the  purchaser. 

II.  Where  the  bearings  of  all  the  courses  are  given  and  one  course  can  be 
identified  with  certainty,  the  declination  (or  "variation")  of  the  needle  used  in 
the  original  survey  should  be  found  by  setting  up  on  this  course  and  the  declina- 
tion thus  found  used  for  all  the  courses. 

13.  When  a  course  is  defined  as  starting  at  a  given  point  on  a  navigable  stream 
or  traveled  highway  and  running  a  certain  distance  to  another  point  on  said  stream 
or  highway,  the  distance  is  to  be  measured  along  the  line  of  the  bank  of  the  stream, 
or  along  the  highway,  and  not  in  a  straight  line,  unless  it  is  specifically  so  stated. 
If  the  stream  is  not  navigable  and  the  presumption  is  against  it  being  a  boundary, 
the  distance  is  to  be  measured  in  a  straijiht  line. 

But  where  a  trad  of  land  is  described  as  bordering  on  or  fronting  a  certain 
distance  on  a  stream,  in  the  absence  of  other  controlling  facts  such  distance  must 
be  measured  in  a  straight  line  between  the  extremities  of  the  opposite  boundaries. 

154.  Water  Boundaries  and  Meandered  Lines.  ^ — i.  Meandered  lines  on 
the  United  States  land  surveys  were  run  for  the  purpose  of  outlining  lakes  and 
rivers,  and  are  in  no  sense  boundary  lines.  They  serve  for  computing  the  areas 
of  the  fractional  quarter-sections  which  were  used  in  the  first  sales  by  the  Govern- 
ment, but  the  real  boundary  is  the  centre  of  the  stream  if  not  navigable,  and  the 
line  of  ordinary  high  water,  or  line  of  vegetation,  if  navigable.  In  the  case  of 
lakes  and  ponds  described  as  boundary  lines  the  ownership  is  to  the  water's  edge. 

2.  In  extending  side  boundaries  beyond  the  meandered  lines  to  the  river  bank 
or  lake  shore,  such  extensions  beyond  the  meandered  lines  should  run  at  right 
angles  to  the  shore.  This  rule  also  applies  to  city  lots  and  to  all  lands  fronting 
on  bodies  of  water.     An  exception  to  the  rule  is  the  following: 

3.  When  the  waters  of  a  lake  recede  from  a  drainage  or  any  otner  cause,  or  when 


*  For  numerous  court  decisions  on  water  l>oundaries,  sec  Hodgman's  Survey- 
ing, P-  3oS'3^^- 
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a  river  or  rreck  shifts  its  course,  the  accretion  or  **  made  land "  belongs  to  the 
abutting  property  and  should  be  divided  in  proportion  to  the  original  lengths  of 
water  frontage.  If  the  land  thus  acquired  is  the  valuable  consideration  then  the 
original  side  boundaries  are  to  be  extended  so  as  to  divide  the  new  area  among 
the  abutting  tracts  in  proportion  to  their  original  frontages;  but  if  the  length  of 
the  new  frontage  is  the  desirable  thing,  then  the  new  line  of  frontage  is  to  be  saved 
to  the  original  tracts  possessing  such  privileges,  in  due  proportion.  In  either 
case  the  extension  of  the  side  boundaries  will  usually  involve  angles  at  the  mean- 
dered or  original  water-line  and  these  extensions  will,  in  general,  run  nearly  at 
right  angles  to  the  new  shore  line. 

4.  A  "bank"  of  a  stream  is  the  continuous  line  where  vegetation  ceases.  A 
"shore"  is  the  exposed  ground  below  the  bank  line. 

5.  The  rights  of  ownership  extend  to  the  centre  lines  of  non-navigable  streams 
and  lakes,  but  only  riparian  rights  obtain  in  the  beds  of  navigable  streams  or 
lakes.  ^ 

6.  Where  land  is  specifically  bounded  by  the  "bank,***  or  "along  the  bank" 
of  a  stream  or  lake,  these  words  will  exclude  all  ownership  of  the  bed  of  such 
dream  or  lake.  Whether  they  would  exclude  riparian  rights  also  would  depend 
on  the  circumstances  of  the  case  and  dn  the  understanding  of  the  parties. 

In  computing  the  area  of  a  survey  the  terms  "from,"  "to,"  or  "with"  the 
shore  of  a  stream  mean  to  low- water  mark  in  some  States  and  to  high-water  mark 
in  others. 

7.  In  the  case  of  meandered  river  banks  or  lake  fronts  on  the  United  States 
land  surveys,  the  computed  areas  included  only  up  to  the  meandered  line,  all 
outside  of  that  belong  to  the  tract  by  a  natural  right.  Hence  in  any  subsequent 
sales  of  the  tract  the  area  should  only  be  computed  to  the  meandered  line  unless 
the  conveyance  specifically  calls  for  an  extension  "to"  or  "along"  the  shore  or 
bank,  in  which  case  the  area  would  be  computed  to  low- water  or  high-water  mark, 
as  above  stated. 

8.  •  Similarly,  when  an  area  is  to  be  laid  off  from  a  tract  bounded  in  part  by  a 
meandered  line,  this  area  should  be  computed  only  up  to  the  meandered  line 
unless  othen\'ise  specifically  stated. 

9.  Islands  in  streams  unsurveyed  by  the  United  States  and  unappropriated 
belong  to  the  abutting  land  on  that  side  of  the  flum  aqum  or  the  central  thread  of 
the  bw-water  channel  on  which  the  island  itself  lies. 

155.  Surplus  and  Deficiency.' — i.  Surplus  or  deficiency,  either  of  distances 
or  of  areas,  does  not  invalidate  a  conveyance. 

2.  In  the  case  of  contiguous  tracts  where  no  monuments  were  established  the 
purchasers  receive  their  full  measure  of  ground,  in  the  order  of  purchase  from  the 
original  owner,  the  last  purchaser  receiving  the  surplus  or  losing  the  deficiency. 

*  See  also  Arts.  377,  378,  Chapter  XII,  on  City  Surveying. 
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In  the  case  of  city  lots,  sold  by  numlx?r,  any  surplus  or  deficiency  found  on  the 
ground  should  be  divided  proportionally  among  all  the  lots  affected.  This  rule 
applies  even  when  the  suit  concerns  the  last  lot  in  the  block,  and  the  plat  shows 
this  to  })e  fractional.  But  if  the  plat  fails  to  show  the  dimensions  of  the  last  lot, 
its  owner  would  have  what  was  left  of  the  block  after  giving  the  other  owners  in 
the  block  the  full  amounts  shown  in  the  plat. 

3.  A  description  which  refers  to  a  plat  will  generally  be  considered  valid  when 
the  land  conveyed  can  be  located  by  means  of  the  plat,  even  though  the  plat  be 
imperfect  and  incomplete. 

The  United  States  System  of  Laying  Out  the  Pubuc 

Lands 

156.  General  Description.  The  public  lands  of  the  United 
States  have  included  all  of  that  portion  of  our  territory  north 
of  the  Ohio  River  and  west  of  the  Mississippi  River  not 
owned  by  individuals  previous  tc^  the  dates  of  cession  to  the 
United  States  Government;  also  similar  portions  of  the  States 
of  Florida,  Alabama,  Mississippi,  and  Tennessee.  All  of  this 
territory,  except  the  private  claims,  has  been  subdivided,  or  laid 
out,  in  rectangular  tracts  bounded  by  north  and  south  and  east 
and  west  lines,  each  tract  having  a  particular  designation,  such 
that  it  is  impossible  for  the  patents  or  titles,  as  obtained  from  the 
Government,  to  conflict.  This  has  saved  millions  of  dollars  to 
the  land-owners  in  these  regions  by  preventing  the  litigations 
that  are  common  in  the  old  colonial  States,  and  is  one  of  the 
greatest  boons  of  our  national  Government.  The  system  was 
probably  devised  by  Gen.  Rufus  Putnam,^  an  American  oflicer 
in  the  Revolutionary  War. .  It  was  first  used  in  laying  out  the 
eastern  portion  of  the  State  of  Ohio,  in  1786-7,  then  called  the 
Northwest  Territory.    This  was  the  first  land  owned  and  sold 

*  See  a  paper  read  before  the  Engineers'  Club,  of  St.  Louis,  by  Col.  H.  C. 
Moore,  and  published  in  the  **  Journal  of  the  Association  of  Engineering  Societies," 
Vol.  II,  p.  282.  See  also  a  paper,  by  W.  A.  Truesdell  read  before  the  Engineers' 
Club,  of  St.  Paul,  and  published  in  the  above  journal,  Vol.  XLl,  p.  207,  Nov., 
1908. 
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by  the  national  Government.  The  details  of  the  system  have 
been  modified  from  time  to  time,  but  its  main  features  remain 
substantially  unchanged.  The  following  is  a  synopsis  of  the 
method  now  used,  which  is  given  in  detail  in  the  **  Manual  of 
Surveying  Instructions,"  issued  by  the  Commissioner  of  the  General 
Land  Office,  at  Washington,  D.  C,  and  obtained  on  application:* 

157.  The  Details  of  the  System.  It  should  be  understood 
that  the  following  subdivision  of  a  State  into  24-mile  square  tracts, 
and  later  into  township  and  sections,  proceeded  only  as  fast  as 
a  demand  for  the  land  developed,  and  a3  a  rule  covered  many 
years  before  any  State  was  entirely  divided. 

The  system  provided  for  the  following  work: 

First,  the  establishment  of 

{a)  An  Initial  Point  by  astronomical  observations. 

{b)  A  Principal  Meridian  passing  through  the  initial  point. 

(c)  A  Base  Line  on  true  parallel  of  latitude  passing  through 
the  initial  point  and  extending  both  east  and  west  therefrom.^ 

This  initial  operation  and  the  ones  following  can  be  best 
understood  by  referring  to  Figs.  89  and  90. 

Second,  the  division  of  the  area  to  be  siu^eyed  into  tracts 
approximately  24  miles  square,  by  surveying,  * 

(a)  Standiard  parallels  both  east  and  west  through  the  24-mile 
points  pre\'iously  established  on  the  principal  meridian,  and 

(6)  Guide  meridians,  being  true  meridians  of  longitude  ex- 
tending both  north  through  the  24-mile  points  previously  estab- 
lished on  the  base  line  and  standard  parallels. 

Since  the  guide  meridians  converge,  these  24-mile  tracts  will 
be  24  miles  wide  on  their  southern  and  a  little  less  on  their  northern 
'boundaries.  Though  theoretically  the  east  and  west  boundaries 
should  be  exactly  24  miles  in  length,  because  of  inevitable  errors 
in  measurements,  this  is  rarely  or  never  the  case. 

'The  surveyor  should  obtain  and  follow  the  instructions  in  force  at  the  time 
1^  original  surveys  were  made  in  his  locality. 

*  Tw-eniy-four  such  sets  in  all  were  established  in  United  States.  For  a 
'fecription  of  each,  sec  Appendix  E. 
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Third,  the  division  of  each  24-mile  tract  into  tracts  approxi- 
mately 6  miles  square,  called  Townships,  by  the  establishment  of 

(a)  Range  lines,  being  true  meridians  through  the  standard 
township  comers  already  established  on  the  base-line  and 
standard  parallels  and  extending  north  to  their  intersection  with 
the  next  standard  parallel,  and 
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(b)  Latitudinal  Lines,  called  Township  Lines,  joining  the 
township  comers  already  established  at  intervals  of  six  miles 
on  the  principal  meridian,  guide  meridian  and  range  lines. 
Fig.  90  shows  the  resulting  division  of  the  above  third  operation. 

If  we  neglect  the  efifect  of  discrepancies  and  error  of  measure- 
ment, both  the  east  and  west  boundaries  of  all  townships  will 
be  just  six  miles  in  length,  while  the  north  and  south  boundaries 
will  be  exactly  6  miles  only  on  the  parallel  forming  the  southern 
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limit  of  the  24-mile  tract.  All  the  remaining  north  and  south 
boundaries  will  be  less  than  6  miles,  due  to  the  convergence  of 
the  meridians. 
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Fig.  90. — Showing  the  Division  of  Land  into  Townships  and  Sections. 


Fourth,  the  subdivision  of  each  township  into  Sections  each 
approximately  a  mile  square  by  the  establishment  of  section 
lines,  both  meridional  and  latitudinal,  at  intervals  of  one  mile 
apart.  A  complete  explanation  of  this  field  work  is  giv^en  in 
Art  166. 
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158.  To  Run  Out  a  Standard  Parallel  of  Latitude   and 
Base  Lines.    A  true  east  and  west  line  is  one  which  is  at  every 
point  at  right  angles  to  a  meridian  passing  through  that  point. 
It  is  therefore  a  constantly  curving  line,  being  always  deflected 
toward  the  north  in  the  northern  hemisphere.    Any  line  run  on 
the  earth's  surface  by  prolongation  by  means  of  any  surveying 
instrument  will  be  a  great  circle.     If  the  magnetic  needle  always 
pointed  directly  north,  a  line  run  at  right  angles  to  its  direction 
would  be  a  parallel  of  latitude.     Since  the  solar  compass,    or 
attachment,  always  oriertts  itself  in  the  true  meridian,  any   line 
run  by  it  at  right  angles  to  the  constantly  observed  meridian 
will  be  a  true  east  and  west  line.     This  is  the  only  instrument 
capable  of  running  such  a  line  directly.    The  transit,  however, 
is  usually  employed  in  this  work,  using  either  the  secant  or  tangent 
method.     The  following  description  of  these  methods  is  taken 
from  the  "  Manual  of  Surveying  Instructions  for  the  Survey  of 
the  Public  Lands,"  as  prepared  by  the  Conmiissioner  of   the 
general  land  office. 

159.  The  Secant  Method  (Fig.  91).  **  This  method  con- 
sists in  running  a  connected  series  of  straight  lines,  each  6  miles 
long,  on  such  courses  that  any  one  of  the  lines  will  intersect  the 
curve  of  the  parallel  of  latitude  in  two  points  separated  by  an 
interval  of  4  miles;  and,  from  the  line  thus  established,  meas- 
uring north  or  south,  as  the  case  may  be,  to  attain  other  required 
points  on  the  latitude  curve."  By  reference  to  Fig.  91  it  will  be 
seen  that  the  transit  is  set  up  south  of  the  township  comer  from 
which  the  survey  is  to  begin,  and  at  a  distance  from  the  comer 
depending  upon  the  latitude.  In  Table  I,  will  be  found  the 
value  of  this  offset  for  each  degree  of  latitude,  and  in  the 
column  headed  o  miles.  The  offset  for  each  half  mile  from  the 
beginning  up  to  3  miles  is  also  given.  It  will  be  noted  that  the 
offsets  for  the  remaining  3  miles  can  be  taken  from  the  same 
table  by  entering  the  table  at  the  bottom.  Thus  the  offset  at  4 
miles  is  the  same  as  at  2  miles. 

The  direction  of  the  first  secant  at  its  initial  point  is  determined 
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Table  I  ' 

AZIMUTHS   OF  THE  SECANT,   AND   OFFSETS,   IN  FEET,  TO   THE 

PARALLEL 


o 

Lati- 

Azimuths and 

OPPSBTS  i 

\T 

Deflection 

and  Nat. 

tan  to  a 

tude, 

0  Mile. 

\  mile. 

I  Mile. 

i)  Miles. 

2  Miles. 

a^  Miles. 

3  Miles. 

Radius 
66  Ft. 

30 1 

89^*  58'. 5 
I  93  N. 

89°  58'.  7 
0.87  N. 

89'  59'.o 
0.00 

89°  59'.2 
0.67  S. 

89»  59'. 5 
1.15  s. 

89°  59'.  7 
1.44  S. 

9o<'(E.  orW.) 
1.54  s. 

3'  o".a 
0.69  ins. 

3i{ 

89**  58'. 4 
a. 01  N. 

89''  58'.6 
0.91  N. 

89°  S8'.9 
0.00 

89°  59'. 2 
0.70  s. 

89''  5?:.5 
i.aoS. 

89*  59'.  7 
i-SoS. 

90*  (E.  or  W.) 
1.60  S. 

3'  07". 4 
0.7  a  ins. 

32  1 

89°  s8;.4 

a. 09  N. 

89°  s8'.6 
0.94  N. 

89°  S8'.9 
0.00 

89*  S9'-2 

0.73  s. 

89°  59'. 5 
I.as  S. 

89*  59'.  7 
1.56  S. 

9o**(E.  orW.) 
1.678. 

3'  is".o 
0.7  5  ins. 

33  1 

89°  58'.3 
a. 17  N. 

89°  S8'.s 
0.97  N. 

89*  58'.8 
0.00 

89°S9'.i 
0.76  S. 

89°  59'.4 
1.30  S. 

89*^  59'.  7 
i.6a  S. 

90*'  (E.  or  W.) 
1.73  s. 

3'  aa".6 
0.78  ins. 

34{ 

89-  S«'.» 
2. as  N. 

89**  S8'.5 
1. 01  N. 

89*  58'.8 
0.00 

89°  59'. I 
0.79  s. 

89°  59'.4 
1-35  S. 

89°  59'.  7 

1.69  s. 

9o*(E.  orW.) 
1.80  S. 

3'  3o".4 
0.81  ins. 

35{ 

89*  58'.a 
a.33  N. 

89**  S8'.S 
i.os  N. 

89°  S8'.8 
0.00 

89°  59'.  I 
0.8a  S. 

89"  S9'.4 
1.40  S. 

89°  59'.  7 

1.75  s. 

90**  (E.  or  W.) 
1.87  s. 

3'  38".4 
0.84  ins. 

36  1 

89"  58'.  I 
a. 4a  M. 

89**  58'.4 
1.09  N. 

89'*S8'.7 
0.00 

89*  59'.o 

0.85  s. 

89°  S9'.4 

1.46  s. 

89''  59'. 7 
1. 8a  S. 

9o*(E.orW.) 
1.9/ s. 

3'  46".4 
0.87  ins. 

37{ 

89*  s8'.o 
a. SI  N. 

1. 13  N. 

89*  S8'.6 
0.00 

89**  58'.9 
0.88  S. 

89°  59'.3 

1. 51  s. 

89°  59'. 7 
1.89S. 

90°(E.  orW.) 
a.oi  S. 

3'  55"  0 
0.90  ins. 

38  { 

89*  SS'.O 
a. 61  N. 

89°  S8'.3 
1.17  N. 

89°  58'.6 
0.00 

89''  58'.9 
0.91  S. 

89"  59'.3 
1.56  S. 

89°  59'.  7 

1.95  s. 

9o'»(E.  orW.) 
a. 08  S. 

4'  03".6 
0.93  ins. 

39  1 

89°  5  7'.  9 
a. 70  N. 

89°  S8'.a 
i.ai  N. 

89**  5&'-6 
0.00 

89''  58'.9 

0.94  s. 

89'  59'.3 
i.6a  S. 

89°  59'.  7 
a.oa  S. 

90*  (E.  or  W.) 
a.i6S. 

4'  ia".6 
0.97  ins. 

40  1 

89°  S7'.8 
a. 79  N. 

89°  58'.  I 
I. as  N. 

89^  58'.5 
0.00 

89°  58'.9 
0.98  S. 

89°  59'.3 
1.68  S. 

89"  59'.  7 
a. 10  S. 

90*  (E.  or  W.) 
a.a4  S. 

4'    2l".6 

1 .00  ins. 

4X  1 

89*57'.7 
a.89N. 

89°  sS'.o 
1.30  N. 

89**  58'.4 
0.00 

89°  58'.8 
i.oa  S. 

89*  59'.a 
1.74  s. 

89''  59'.6 
a. 17  S. 

90*(E.  orW.) 
a. 3a  S. 

4'  3«".a 
1.04  ins. 

43  1 

89°  5/7 
3.00  N. 

89*  sS'.o 
1.35  N. 

89°  58'.4 
0.00 

89°  58'.8 
i.os  S. 

89°  59'  2 
1.80  S. 

89"  59'.6 

2.2$  S. 

90«  (E.  or  W.) 
a. 40  S. 

4'  4o".8 
1.08  ins. 

43  1 

89°  S7'.6 
3.11  N. 

89°  s8'.o 
1.40  N. 

89**  S8'.4 
0.00 

89*  58'. 8 
1.08  S. 

89°  59'.a 
1.83  s. 

89**  59'.6 
a.33  s. 

90*'  (E.  oc  W.) 
a.48S. 

4'  So".8 
1. 1  a  ins. 

44  1 

89°  s/.s 
3.aa  N. 

89°  5  7'.  9 
1.45  N. 

89''  58'.3 
0.00 

89°  58'.7 
i.ia  S. 

89"  59'.a 

1.93  s. 

89"  59'.6 
a. 41  S. 

9o»(E.  orW.) 
2.57  s. 

5'  oi".o 
1. 16  ins. 

45  { 

89°  S7'.4 
3.33  N. 

89°  S7'-8 
1.50  N. 

89^*  S8'.3 
0.00 

89°  58'.7 
1. 1 6  S. 

89°  59'.  I 
a. 00  S. 

89°  59'. 5 
2.49  s. 

90«  (E.  or  W.) 
a.66  S. 

5'  ii".8 
i.ao  ins. 

46  1 

89^  S7;.3 
344  N. 

89°57;.7 
1-55  N. 

89°  58'. 2 
0.00 

89°  58'.6 
I. a  I  S. 

89°  59'.  I 
a. 07  S. 

89°  59'. 5 

2.59  s. 

90°  (E.  or  W.) 
a.76S. 

5'  aa"  8 
1.34  ins. 

47| 

89°  5/-a 
3-57  N. 

89°  57'.6 
1. 61  N. 

89"  58'.  I 
0.00 

89**  58'.6 
i.as  S. 

89**  59'.  I 
a. 14  S. 

89°  59'. 5 
a.67  S. 

90°  (E.  or  W.) 
a. 86  S. 

5'  34"-2 
1.38  ms. 

48  ( 

89°5'JI 
3.70  N. 

89**  5 7'.  5 
1.66  N. 

89°  58'.o 
0.00 

89"  S8'.5 
1.30  s. 

89°  59'.o 
a.aa  S. 

89°  59'.5 
a.78S. 

9o*»(E.  orW.) 
a. 96  S. 

OS'  46". 3 
1.33  ins 

49  1 

89°  57'-0 
3.8a  N. 

89°57:.5 
1.7a  N. 

89°  s8'.o 
0.00 

89°  58'.  5 

1.34  s. 

89°  S9'.o 
a.30  S. 

89°  59'. 5 
a.87  S. 

90°  (E.  or  W.) 
3.06  S. 

5'  58".6 
1.38  ins. 

50  I 

89°  56'.9 
39.6  N. 

6  Miles. 

89**  5  7'- 4 

1.78  N. 

89°  57'.9 
0.00 

89°  59'.o 

1.39  s. 

89°  Wo 
a.38S. 

4  Miles. 

89°  59'.  5 
a. 97  S. 

90°  (E.  or  W.) 
3  17S. 

6'   ii".4 
1.43  ins. 

0 

5)  Miles 

5  Miles. 

4i  Miles 

3  J  Miles. 

3  Miles. 

Deflection 
and  Nat. 

Lati- 
tude. 

Azimuth  and 

Oppskts  i 

\T 

tan  to  a 
Radius 
66  Ft. 
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by  observations  on  Polaris  (Chapter  XV),  for  the  true  meridian, 
and  then  laying  off  the  azimuth  found  in  table  on  page  200  under 
"o  miles."  This  line  is  then  produced  until  the  6-mile  point 
is  reached,  when  a  new  secant  line  must  be  run.  The  angle  to  be 
deflected  to  the  north  from  the  former  secant  will  be  found  in  the 
last  column  of  the  table.  The  true  direction  of  the  meridian 
must  be  determined  at  least  every  18  miles.  The  principal 
advantage  of  this  method  is  due  to  the  short  offsets  which  reduce 
the  amount  of  cutting  and  permit  of  noting  the  topography  on  the 
line  as  actually  run.  A  higher  degree  of  accuracy  in  turning 
off  the  deflection  angles,  as  well  as  an  independent  check  on  this 
work  is  afforded,  by  the  use  of  the  linear  measures  given  in  the 
last  colunm  of  the  table.  These  deflection  distances  are  com- 
puted for  a  distance  of  66  feet  and  for  the  latitudes  noted.  In 
using  this  method,  after  producing  the  old  secant  forward  by 
"  double  centring  "  66  feet  beyond  the  range  line,  the  proper 
deflection  distance  taken  from  the  table  is  carefully  measured 
north  of  such  66-foot  prolongation  and  the  line  of  sight  moved 
through  the  angle  thus  subtended.  The  direction  so  determined 
is  then  produced  6  miles  as  the  new  secant  line. 

160.  The  Tangent  Method.  "  This  method  consists  in 
laying  off  from  the  true  meridian  (see  Fig.  92)  established  by  an 
observation  on  Polaris  at  elongation,  an  angle  of  90^,  producing 
the  direction  thus  determined,  a  distance  of  6  miles,  in  a  straight 
line,  and  measuring  north  therefrom,  at  half-mile  intervals  dis^ 
tances  of  correct  length  taken  from  Table  II  on  page  203  (inter- 
polated if  necessary)  for  the  given  latitude,  to  attain  other  points 
on  the  latitude  curve  passing  through  the  tangential  or  initial 
points. 

"The  azimuth  or  bearing  of  the  tangent  at  successive  mile 
points  will  be  taken  from  the  table  to  the  nearest  whole  minute 
only,  and  will  be  inserted  in  the  field  notes,  no  interpolation 
being  required  except  when  test  sights  are  taken.  The  true 
bearing  between  two  points  on  a  standard  parallel  will  be  derived 
from  table  II,  by  taking  it  in  the  colunm  headed  with  one-half 
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Table  II. 

ACUTE  ANGLES  WITH  THE  MERIDIAN,  AND  OFFSETS  TO 
PARALLELS,  AT  POINTS  ONE  MILE  APART  ON  A  GREAT 
CIRCLE  OR  STRAIGHT  LINE  TANGENT  TO  THE  PARALLEL 
AT  THE   INITIAL  POINT.* 


Lati- 
tude. 


30 
3a 
34 

36 

38 
40 
42 

44 

46 
48 
50 


I  Mile  from 
Tangent  Point. 


Angle 

Offset. 

0 

/ 

// 

ft. 

89 

59 

30 

0.39 

89 

59 

28 

.42 

89 

59 

as 

.45 

89 

59 

23 

.48 

89 

59 

19 

5* 

89 

59 

16 

.56 

89 

59 

13 

.60 

89 

59 

10 

.64 

89 

59 

06 

.69 

89 

59 

03 

.74 

89 

58 

c8 

0.  70 

2  Miles. 


Angle. 

Offset. 

0 

/ 

// 

ft. 

89 

59 

00 

1.54 

89 

58 

55 

1.67 

89 

58 

SO 

X.80 

89 

S8 

44 

1.94 

89 

58 

39 

2.08 

89 

58 

33 

3.34 

89 

58 

26 

3  .40 

89 

58 

20 

2.57 

89 

58 

13 

2  .  76 

89 

58 

05 

2.95 

89 

57 

56 

317 

3  Miles. 

Angle. 

Offset. 

0  ■   /     // 

ft 

89  58  30 

3-47 

89  58  33 

3    76 

89  58  15 

4.05 

89  58  07 

436 

89   57    58 

4.69 

89   57   49 

5   03 

89   57   40 

5.40 

89   57   30 

5.79 

89   57    19 

6.  30 

89   57   07 

6.6s 

89   56   54 

7.13 

4  Miles. 


Angle. 


// 


89  58  00 
89  57  50 
89  57  40 
89  57  29 

89  57  18 
89  57  06 
89  56  53 

89  56  40 
89  56  35 
89  56  09 
89  55  53 


Offset. 


ft. 

6. 17 
6.67 
7.30 

7. 75 

8.33 
8.95 
9.59 

10.39 
II  .04 
11.82 
12.68 


Uti- 

5  Miles. 

6  Miles. 

7  Miles. 

8  Miles. 

tude. 

Angle. 

Offset. 

Angle. 

Offset. 

Angle. 

Offset. 

Angle. 

Offset. 

0 

0      e      tt 

ft. 

0     t      tt 

ft. 

0 

/      // 

ft. 

0 

t     // 

ft. 

30 

89    57   30 

9.64 

89   57  00 

13-88 

89 

56  30 

18.89 

89 

56  00 

24.67 

32 

89   57    18 

10.43 

89   56   45 

I  5 -03 

89 

56     13 

30.44 

89 

55   40 

36.69 

34 

89   57  05 

11.25 

89   56  30 

16.30 

89 

55   54 

22.05 

89 

55    19 

38.80 

36 

89   56   51 

13.  IZ 

89   56    13 

17.41 

89 

55   36 

23.74 

89 

54   59 

31 .01 

38 

89   56  37 

13.03 

89   55   56 

18.75 

89 

55    16 

35.52 

89 

54  35 

33.33 

40 

89  56   22 

13-98 

89  55  38 

30.  II 

89 

54   56 

27.40 

89 

54    11 

35.78 

43 

89   56  06 

14.99 

89   55    19 

21.59 

89 

54  32 

29.38 

89 

53   46 

38.38 

44 

89   55   49 

16.07 

89  54   59 

23.14 

89 

54  09 

31.50 

89 

53    18 

41.14 

46 

89   55    3» 

17.31 

89   54  37 

34.80 

89 

53   43 

33.76 

89 

52    50 

44.10 

48 

89   55    12 

18.47 

89   54    14 

26.59 

89 

53    16 

36.19 

89 

52    18 

47.27 

50 

89   54    SO 

19-80 

89   S^    49 

28.52 

89 

52    47 

38.83 

89 

51    45 

50.70 

ati- 

9  Miles. 

10  Miles. 

11  Miles. 

12  Miles. 

ide. 

Angle. 

Offset. 

Angle. 

Offset. 

Angle. 

Offset. 

Angle. 

Offset. 

0 

0     /     // 

ft. 

0 

/     ft 

ft. 

0 

/     '/ 

ft. 

0 

/     // 

ft. 

30 

89  55  30 

31.23 

89 

55  00 

38.5s 

89 

54  30 

46.65 

89 

54  00 

55-52 

32 

89  55  08 

33.78 

89 

54  35 

41.71 

89 

54  03 

50.47 

89 

Si  30 

60.06 

34 

89  54   44 

36.45 

89 

54  09 

45.00 

89 

53   34 

54.45 

89 

52    59 

64.80 

36 

89  54   20 

39.25 

89 

53   42 

48.45 

89 

53   04 

58. 6j 

89 

52    26 

69.77 

38 

89  53    55 

42.19 

89 

53    14 

52.08 

89 

52   33 

63.03 

89 

SI    53 

75.00 

40 

89  53    28 

45.29 

89 

52   44 

55-91 

89 

52   00 

67.65 

89 

51    17 

80.51 

43 

89  52    59 

48.57 

89 

52    12 

59.97 

89 

51    25 

73.56 

89 

SO  38 

86.35 

44 

89  52    28 

52.07 

89 

51    38 

64.38 

89 

SO   48 

77.78 

89 

49   58 

92.57 

46 

89  51    56 

55.81 

89 

51   02 

68.90 

89 

50  08 

83.37 

89 

49    14 

99.23 

48 

89  5»    20 

59.83 

89 

50   23 

73.86 

89 

49    25 

89-37 

89 

48    38 

106.36 

50 

89  50   43 

64.17 

89 

49   41 

79.33 

89 

48  39 

95-86 

89 

47   37 

114.08 

*From  the  "Manual  of  Instructions." 


204  SURVEYING 


the  distance  between  said  points.  The  offsets  at  intervals  of 
I  mile  are  inserted  in  table;  to  obtain  the  length  of  oflFsets  at  the 
half-mile  points,  take  one-fourth  the  offset  corresponding  to 
twice  the  distance  of  the  half-mile  point  from  the  tangential 
point. 

"This  method  is  suitable  for  running  standard  parallels  and 
latitude  township  lines  in  level  open  country,  where  no  inter- 
sections with  topographical  features  will  be  required;  but  in 
all  cases  the  secant  method  will  be  found  most  convenient." 

i6i.  Initial  Points.  These  points  "  will  be  selected  with 
great  care  and  with  due  consideration  for  their  prominence  and 
easy  identification.  They  will  be  marked  by  an  indestructible 
monument,  preferably  by  a  copper  bolt  set  in  rock  and  witnessed 
by  rock  bearings." 

162.  Base  Lines.  The  base  line  is  produced  both  east  and 
west  through  the  initial  point  by  one  of  the  methods  described 
above,  taking  care  to  set  all  forward  points  by  **  double  centring." 

**  In  order  to  detect  errors  and  insure  accuracy  in  measure- 
ments, two  sets  of  chainmen  will  be  employed,  one  to  note  dis- 
tances to  intermedial  points  and  to  locate  topographical  features, 
the  other  to  act  as  a  check.  Each  will  measure  40  chains,  and 
in  case  the  difference  is  inconsiderable,  the  proper  comer  will 
be  placed  midway  between  the  ending  points  of  the  two  measures; 
but  if  a  discrepancy  exceeds  8  links  on  even  ground  or  25  links 
on  mountainous  surface,  the  true  distance  will  be  found  by  careful 
re-chaining  by  one  party  or  both." 

"  To  obviate  collusion  between  the  sets,  the  second  set  should 
commence  at  a  point  in  advance  of  the  beginning  comer  of  the 
first  set,  the  initial  difference  in  measurement  being  known  only 
to  the  deputy."^ 

As  the  line  is  run  all  township,  section,  quarter-section  and 
meander  comers  are  established  at  the  proper  distances  and 
properly  witnessed  as  provided  by  law.  Art.  172. 

163.  The  Principal  Meridian.  The  principal  meridian  has 
its  direction  determined  by  the  same  methods  as  those  used  in  the 
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base-line  work.  As  the  line  is  run  all  township,  section,  quarter- 
section,  and  meander  comers  are  established  at  proper  distances 
and  all  are  witnessed. 

164.  Standard  Parallels.  The  Manual  provides  for  estab- 
lishing the  standard  parallels,  also  called  correction  jincs,  both 
east  and  west  of  the  principal  meridian  at  intervals  of  four  town- 
ships, or  24  miles  apart.  There  are,  however,  many  exceptions 
to  this  rule,  especially  in  the  older  parts  of  the  work. 

Standard  parallels,  being  true  parallels  of  latitude,  are  to  be 
run  and  measured  in  the  same  manner  as  provided  for  running 
base  lines. 

165.  Guide  Meridians.  Guide  meridians  are  extended  north 
of  the  base  line  or  standard  parallel,  at  intervals  of  24  miles  east 
and  west  of  the  principal  meridian,  in  the  manner  prescribed 
for  running  the  principal  meridian  and  with  the  same  provisions 
for  securing  accuracy  of  alignment  and  measurement  as  those 
goveming  base  lines  and  principal  meridians.^  The  intersection 
of  the  meridian  line  with  the  correction  line  or  standard  parallel 
is  marked  as  a  comer  of  the  section  immediately  south,  and  the 
distance  is  measured  east  to  the  comer  previously  established 
on  the  correction  line.  The  latter  comer  is  to  be  considered 
belonging  to  the  section  north  of  the  correction  line.  These  two 
section  comers  are  sometimes  only  a  few  feet  apart. 

All  mile  and  half-mile  distances  on  guide  meridians  are  meas- 
ured full  80  and  40  chains  except  the  mile  adjacent  to  the  inter- 
section of  these  lines  with  a  correction  line.  In  this  last  mile 
is  thrown  all  the  accumulated  error  of  measurement  of  the  entire 
6  miles  from  the  preceding  township  line.  In  fact,  the  error  is 
all  put  in  the  last  half  mile  of  this  distance. 

166.  Township  Exteriors.  Whenever  practicable,  the  town- 
ship exteriors  in  a  block  of  land  24  miles  square,  bounded  by 
standard  lines,  .will  be  surveyed  successively  through  the  block, 
beginning  with  the  southeast  corner  of  the  southwestern   town- 


*  The  limit  of  error  is  three  chains. 
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ship.  From  this  comer  the  surveyor  runs  a  true  meridian  north- 
ward, placing  a  section  comer  or  a  quarter-section  comer  at 
every  40  chains,  until  at  the  end  of  6  miles,  the  township 
comer  is  reached.  From  here  a  random  line  is  run  westward 
setting  comers  every  40  chains  until  the  next  guide  meridian 
is  intersected.  Here  the  surveyor  notes  the  distance  north  or 
south  which  the  random  line  fails  to  meet  the  proper  comer,  and 
then  returning  back  on  the  calculated  true  course,  sets  over  on 
such  corrected  line  all  the  temporary  comers  placed  on  the  random 
line.  It  will  be  seen  that  this  method  puts  all  the  deficiency  due 
to  the  convergence  of  the  meridian  boundaries  of  the  township, 
as  well  as  any  deficiency  or  excess  in  the  v^termost  half  mile  of  the 
latitudinal  boundar)'. 

The  range  line  is  produced  due  north  as  before,  another  6 
miles,  and  a  similar  random  line  run  westward  and  then  cor- 
rected eastward  as  just  described.  This  process  is  continued 
northward  until  the  correction  line  is  reached,  where  a  closing 
comer  is  established  at  the  intersection  of  the  meridian  and 
correction  line. 

The  half-mile  intervals  along  the  range  line  are  measured 
40  chains  for  the  entire  24  miles  except  the  northernmost  half 
mile.  All  the  errors  of  measurement  of  the  entire  24  miles  are 
thrown  into  this  last  half  mile.  The  remaining  two  range  lines 
of  the  24-mile  square  block,  together  with  the  latitudinal  town- 
ship lines  are  run  and  marked  as  described  above.  The  only 
variation  in  this  programme  occurs  on  the  last  (easternmost)  range 
line,  from  which  random  township  lines  are  also  run  eastward 
to  meet  the  limiting  guide  meridian,  being  then  corrected  west- 
ward in  such  a  way  that  the  excess  or  deficiency  of  such  lati- 
tudinal measurement  is  all  thrown  into  the  westernmost  half  mile. 
The  maximum  allowable  error  in  closing  the  random  line  upon 
the  township  corner  provided  in  the  Manual  of  Instructions  is  as 
follows:  **  If  in  running  a  random  township  exterior,  such  random 
exceeds  or  falls  short  of  the  proper  length  by  more  than  three 
chains,  allowing  for  convergency,  or  falls  more  than  three  chains 
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to  the  right  or  left  of  the  objective  point,  it  will  be  rerun,  and  if 
found  correctly  run,  so  much  of  the  remaining  boundaries  of 
the  township  will  be  retraced,  or  resurveyed,  as  may  be  found 
necessary  to  locate  the  cause  of  misclosure." 

167.  Subdivision  of  Townships.  The  Manual  provides  for 
the  following  programme.  The  surveyor  first  determines  the 
direction  of  the  meridian  at  the  southeast  corner  of  the  township 
to  be  subdivided.  He  also  retraces  the  range  line  northward 
for  I  mile  and  the  town  line  westward  for  i  mile.  This  work 
gives  a  comparison  of  his  own  meridian  observations  and  the 
length  of  his  chain  with  that  of  the  previous  surveyor  who  ran 
the  township  lines. 

From  the  southwest  comer  of  section  36  the  surveyor  runs 
north  parallel  to  the  east  boundary  of  the  township,  setting  a 

OomJtionLine     I  |  StaDdamsUlonComeU  '    _         JTownBhip Pome. 

Township  Corner 


'Closing  Section  Comers 
8        I         2 

Fig.  93. — Closing  Comers  on  a  Correction  Line, 

quarter-section  comer  at  40  chains  and  a  section  comer  at  80 
chains  (N.  W.  comer  Sec.  36).  He  then  runs  a  random  line 
from  this  section  comer  east,  parallel  to  the  southern  boundary 
of  the  township,  and  setting  a  temporary  quarter  comer  at  40 
chains,  continues  the  line  until  the  range  line  is  intersected. 
If  this  intersection  comes  at  the  section  comer  the  line  is  blazed 
back  (westward)  as  the  true  line.  If  the  random  line  intersects 
either  north  or  south  of  the  section  comer,  the  correct  bearing  of 
the  true  line  is  calculated  and  the  line  rerun  westward.  The 
pennanent  quarter-section  comer  must  then  be  established  on 
the  true  base  and  at  a  point  equidistant  from  its  terminals.  The 
limit  of  error  allowed  in  the  closing  of  the  random  line  on  the 
eastern  section  corner  is  50  links  or  2>2>  ^^^t.  From  the  section 
comer  just  regained  (N.  W.  corner  Sec.  36),  the  survey  is  con- 
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tinued  north  between  sections  26  and  25,  the  direction  being 
changed  if  necessary  to  make  it  parallel  to  the  east  boundary 
of  the  township.  At  40  and  80  chains  on  this  line  the  quarter- 
section  and  section  comers  are  set,  and  from  the  latter  a  random 
line  is  run  east  parallel  to  the  south  boundary  of  the  township. 
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Fig.  94. — Manner  of  Subdividing  a  Section  not  adjacent  to  a  Correction  Line. 


The  return  course  is  calculated,  and  rerun  as  before.  This 
programme  is  continued  until  five  sections  have  been  surveyed. 
The  method  of  surveying  the  remaining  section  will  depend  upon 
whether  the  north  boundary  of  the  township  is  a  correction  line 
or  not.  If  the  north  boundary  is  not  a  correction  line,  from  the 
section  comer  last  established  (S.  W.  corner  of  Sec.  i),  a  random 
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line  is  run  north  to  the  township  boundary.  The  error  in  closing 
on  the  already  established  comer  is  noted,  and  the  true  course  of 
the  line   calculated  and  rerun  southward.     If  the  township  line 


Fig,  95- — Pan  of  a  Guv 


nship  Plat. 


is  a. correction  line  the  point  where  the  random  line  intersects 
it  is  established  as  the  closing  corner,  and  the  distance  from  it 
lo  the  adjacent  standard  corner  is  measured  and  recorded.  In 
both  cases  the  permanent  quarter  comer  is  placed  at  40  chains 
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north  of  the  initial  corner,  thus  throwing  all  excess  and  deficiency 
into  the  last  or  more  northern  half-mile. 

The  second,  third  and  fourth  ranges  are  established  in  the 
same  manner  as  described  for  the  first.  On  the  fifth  range, 
however,  random  lines  are  run  westward,  also  closing  on  the 
exterior  township  comers.  In  rerunning  the  corrected  line  east- 
ward the  quarter  comer  is  placed  40  chains  from  the  inside  comer, 
thus  throwing  all  surplus  or  deficiency  into  the  most  western 
half  mile.  Fig.  95  shows  the  form  of  plat  prepared  from  such  a 
survey. 

168.  The  Convergence  of  the  Meridians  is,  in  angular 
amount, 

c  =  m  sin  \  {L-\-L)\ 

where  fw  =  meridian  distance  in  degrees,  or  difference  of  longi- 
tude, and  L  and  L  are  the  latitudes  of  the  two  positions.  In 
other  words,  the  angular  convergence  of  the  meridians  is  the 
difference  in  longitude  into  the  sine  of  the  mean  latitude. 

The  convergence  in  chains  of  two  township-lines  6  miles 
apart,  from  one  correction-line  to  another  24  miles  apart, 
in  lat.  40°,  is 

C=24X8oXsinc; 

where  c,  in  degrees,  ^  ^^  sin  40°,  since  one  degree  of  longitude 
in  lat.  40°=  53  miles.  Thus  c=4'.37  for  each  6-mile  distance 
east  or  west  in  latitude  40°. 

The  following  table  gives  the  convergence  of  the  meridians 
(to  the  nearest  whole  minute)  from  i  to  5  miles  apart.  Be- 
cause of  being  (theoretically)  parallel  to  the  eastem  range  line 
the  meridional  section  lines  will  differ  from  the  true  meridian  by 
the  amounts  shown  in  the  table.  As  these  lines  are  run  with  a 
needle  compass  rarely  read  closer  than  five  minutes,  the  dis- 
tinction would  seem  of  little  significance. 
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Table  III  i 

CORRECTION  FOR  CONVERGENCY  WITHIN  A  TOWNSHIP 


Latitude. 

Correction  in  minutes  to  be  Applied  to  Bearing  of  Range  Lines  at  a 

Distance  of 

X  Mile. 

a  Miles. 

3  Miles. 

4  Miles. 

S  Miles. 

30«  to  3S« 

35   to  40 
40  to  45 

45   1050 
50  to  55 
55  to  60 
60  to  65 
65   to  70 

2 

2 

I 
I 

2 
2 
2 

3 
3 

4 

2 
2 
2 

3 

3 

4 

5 
6 

2 

3 

3 

4 

5 

5 

7 
8 

3 

3 

4 

5 
6 

7 
8 

10 

*  Taken  from  the  Manual  of  Instructions,  U.  S.  Land  Office. 


169.  Requirements  of  the  Work.  If  this ,  field  work  con- 
forms to  the  regulations  given  in  the  Manual,  then, 

(a)  All  interior  meridional  section  lines  are  full  80  chains  in 
length,  except  those  immediately  south  of  the  north  boundary 
of  the  township. 

(i)  All  interior  latitudinal  section  lines  are  full  80  chains  in 
length,  except  those  next  to  the  west  boundary  of  the  township. 

(c)  All  quarter  comers  are  placed  midway  between  the  adja- 
cent section  comers  except  those  on  the  north  and  west  sides 
of  the  township. 

(d)  All  meridional  section  lines  are  intended  to  be  parallel  to 
the  eastern  boundary  of  the  township  and  all  latitudinal  section 
lines  parallel  to  the  southem  boundary  of  the  township. 

(e)  All  deficiency  in  distance  due  to  the  convergence  of  merid- 
ians, as  well  as  accumulative  errors  in  measurements,  are  thrown 
in  the  most  westerly  half  miles  of  the  township. 

(/)  No  quarter-section  closing  comers  are  established  on 
correction  lines  for  the  sections  adjacent  to  them  on  the  south. 
The  legal  position  for  such  corners,  however,  would  be  midway 
between  the  adjacent  closing  section  comers  of  the  section  in 
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question,   except  in   section    6,  where  the  deficiency  or  surplus 
in  measurement  is  all  put  in  the  westernmost  half  mile. 

170.  Fractional  Sections.  Where  sections  are  made  frac- 
.tional  by  water,  reservations,  etc.,  the  surveys  should  be  made 
in  a  manner  to  give  the  same  results  as  would  have  been  secured 
had  the  section  been  full.  This  sometimes  means  producing  the 
lines  on  ice  or  over  the  reservation.  Where  no  opposite  comers 
have  been  or  can  be  fixed,  the  subdivision  lines  should  be  de- 
termined by  running  the  lines  from  the  established  comers  due 
north,  south,  east,  or  west,  as  the  case  may  be,  to  the  water-course, 
Indian  reservation,  or  other  external  boundary  line  of  the  frac- 
tional section.  While  the  law  presupposes  that  the  section  lines, 
as  marked  in  the  field  by  the  U.  S.  deputy  surveyors,  to  be  due 
north  and  south  or  east  and  west  lines,  they  are  in  fact  frequently 
found  to  vary  considerably  from  their  theoretical  position.  In 
such  cases,  in  order  to  carry  out  the  law,  it  will  be  necessary  to 
run  the  subdivisional  lines  through  fractional  sections  on  mean 
courses,  or,  where  there  is  no  opposite  comer,  parallel  to  the 
section  line.  Neither  these  lot  lines  nor  the  quarter-section  lines 
are  ever  run  in  the  field,  but  are  merely  drawn  on  the  government 
plats  as  a  matter  of  convenience  in  expressing  the  areas. 

A  sample  of'  the  field  notes  in  the  form  required  by  law  is 
here  given.  It  is  to  be  commended  for  its  accuracy  and  clear- 
ness. 

171.  Other  Systems  Used.  The  system  of  land  survey 
here  described  has  been  in  general  use  since  1846,  but  it  should 
be  noted  that  not  infrequently  conditions  are  found  in  the  field 
which  quite  profoundly  modify  the  system  as  here  presented. 
Surveyors  engaged  in  this  work  are  furnished  with  a  copy  of  the 
Manual,  and  special  instructions  for  doing  the  work  by  the 
U.  S.  Land  Office.  Since  the  original  law  providing  for  a  sys- 
tem of  land  survey  was  passed  by  Congress  in  1785,  Congress  has. 
amended  the  law  in  imjx)rtant  particulars  no  less  than  seven 
different  times.  A  brief  statement  of  these  changes  may  be 
found  in  Appendix  I. 
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SPECIMEN  OF   FIELD   NOTES 
Subdivisions  op  T.  6  N.,  R.  34  E. 


At  cor.  to  .sees.  10,  11,  14,  and  15,  by  back  sight  on  line  bet.  sees.  14  and  15, 

I  find  its  mag.  bearing  to  be  S.  18°  35'  E.,  at  8  a.m.,  Augtist  la. 
North,  bet.  sees.  10  and  11. 

Va.  iS**  3S'  E. 
Over  table-land. 

Foot  of  spur  of  high  mountain,  ascend  abruptly  over  broken  ground. 
Head  of  ravine,  course  S.  70®  E. 

Set  a  sandstone,  20X8X4  ins.,  15  ins.  in  the  ground,  for  J  sec.  cor.,  marked 
i  on  W.  face,  and  raised  a  mound  of  stone,  i  ^  ft.  high,  2  ft.  base,  alongside . 
Pits  impracticable.  • 

Foot  of  sharp  ridge,  course  E.  and  W. 
Top  of  ridge,  about  40  ft.  high,  and  about  500  ft.  above  last  sec.  cor.     Descend 

abruptly. 
Foot,  about  30  ft.  below  top,  and  ascend  over  broken  ground. 
Enter  heavy  pine  timber. 

A  point  about  900  ft.  above  last  sec.  cor.  Set  a  sandstone.  24X6X4  ins., 
18  ins.  in  the  ground,  for  cor.  to  sees.  2,  3,  10,  and  11,  marked  with  5  notches 
on  S.  and  2  notches  on  E.  edges,  from  which 

A  pine,  15  ins.  diam.,  bears  N.  67°  E.,  30  Iks.  dist.,  marked  T.  6  N.. 

R.  34  E.,  S.  2,  B.T. 
A  pine,  27  ins.  diam..  bears  S.  23°  E.,  67  Iks.  dist..  marked  T.  6  N.. 

R.  34  E..  S.  II,  B.T. 
A  pine.  12  ins.  diam..  bears  S.  47°  W.,  no  Iks.  dist.,  marked  T.  6  N., 

R.  34  E.,  S.  10.  B.T. 
A  pine,  16  ins.  diam.,  bears   N.  50°  W.,  82    Iks.  dist..   marked  T.  6  N., 
R.  34,  E.  S.  3.  B.T. 
Land,  mountainous  and  broken. 
Soil,  rocky;  4th  rate. 
Timber,  pine;  28.90  chs. 
54.00  chs.  of  line  run  over  mountainous  land. 


At  9.30  A.M.  August  12.  diurnal  change  has  diminished  the  variation  2'. 
S.  89°  59'  E.  on  a  random  line  bet.  sees.  2  and  11. 

Va.  18°  33'  E. 
Set  temporary  i  sec.  cor. 
Intersected  N.  and  S.  line  at  cor.  to  sees.  1,  2,  11.  and  12.     Thence  I  run 

N.  89**  59'  W.  on  a  true  line  bet.  sees.  2  and  1 1,  with  same  va. 
Over  rolling  ground. 
Foot  of  spur. 

Stream.  4  Iks.  wide,  course  S.E.,  and  enter  timber. 

Set  a  sandstone,  16X8X4  ins.,  11  ins.  in  the  ground,  for  i  sec.  cor.,  marked 
J  on  N.  face,  from  which 

A  pine,  18  ins.  diam.,  bears  N.  17°  E.,  48  Iks.  dist.,  marked  J  S..  B.T. 

A  pine,  14  ins.  diam.,  bears  N.  40  W.,  63  Iks.  dist.,  marked  \  S..  B.T. 
Ascend  abruptly. 
Top  of  ascent. 
Descend  into  deep  ravine. 

Bottom  of  ravine  about  100  ft.  deep,  and  ascend 
Across  ravine,  thence  over  rough,  broken  ground  through  timber  to 
The  cor.  to  sees.  2,  3,  10,  and  11, 
Land,  mountainous  and  broken. 
Soil,  rocky;  4th  rate. 
Timber,  pine;  60.00  chs. 
72.08  chs.  of  line  nm  over  mountainous  land. 
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172.  Marking  Comers.  The  kind  of  monument  used  has 
varied  greatly  in  different  States,  depending  upon  the  materials 
available  or  upon  other  local  conditions.  In  general  in  timbered 
districts  wooden  posts  have  been  used,  while  in  the  prairie  States 
mounds  of  earth  have  sometimes  been  used.  More  care  appears 
to  have  been  taken  in  the  more  recent  surveys,  both  in  the 
direction  of  more  accurate  work  of  the  survey  and  in  its  per- 
manent marking.  This  is  evidenced  by  the  careful  examination 
and  checking  of  the  contractor's  work  and  by  the  more  general 
use  of  stone  monuments  even  in  prairie  country. 

Where  stones  or  posts  are  used,  notches  are  cut  on  the  edges, 
one  for  each  mile,  so  as  to  show  how  far  the  monument  is  from 
each  boundary  of  the  township.  On  township  lines  the  notches 
are  cut  on  the  sides  and  the  monument  set  with  the  sides  parallel 
to  the  points  of  the  compass,  instead  of  45°  from  same.  In  addi- 
tion to  these  marks,  correction  lines  have  their  monuments  marked 
"  S.  C."  (standard  comer),  and  "  C.  C."  (correction  comer), 
on  their  southem  side.     Quarter-section  comers  are  marked  J  S. 

173.  Witnessing  Comers.  The  Manual  provides  that,  wher- 
ever possible,  every  monument  shall  be  witnessed  by  one  or 
more  objects.  Thus,  in  a  section  post  or  stone  may  be  witnessed 
by  observing  the  bearing  and  distance  to  a  tree.  To  identify 
the  tree  the  surveyor  cuts  a  deep  blaze  on  the  side  of  the  tree 
adjacent  to  the  section  comer  on  which  is  inscribed  the  Section, 
Township,  and  Range,  etc.,  thus: 

T7N 
RioE 

S  22 

BT 

The  letters  B  T  are  usually  cut  near  the  base  of  the  stump  so 
that  it  is  frequently  found  after  the  tree  is  cut  down. 

At  section  comers  four  trees  are  marked,  one  in  each  section, 
while  at  quarter  comers  only  two  are  marked.    In  prairie  regions 
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rectangular  pits  are  dug  near  the  comer  and  with  the  earth  so 
obtained  a  mound  is  made. 

174.  Witness  Comers.  Where  the  regular  comers  happen  to 
fall  in  ponds  cr  lakes,  the  Manual  provides  for  the  placing 
of  so-called  witness  comers  on  the  bank  at  its  intersection  with 
the  line  in  question.  Thus,  in  case  a  single-section  comer  falls 
in  a  lake,  there  would  be  four  witness  comers  to  it,  corresponding 
to  the  shore  end  of  the  four  lines  leading  to  the  comer.  These 
comers  are  marked  "  W.  C."  in  addition  to  the  regular  section 
markings  and  are  referenced  the  same  as  true  comers. 

175.  Meander  Comers.  This  is  the  name  given  to  comers 
established  at  the  intersection  of  section  lines  with  streams  of 
over  three  chains  in  width,  or  with  other  bodies  of  water.  It  is 
witnessed  and  marked  in  the  provided-for  {  section  comers  but 
in  addition  it  is  marked  "  M.  C."  on  the  side  of  the  monument 
facing  the  lake.  The  prolongation  of  the  line  to  the  opposite 
bank  is  also  marked  by  a  meander  comer. 

176.  Meandering.  In  order  to  plat  the  bodies  of  water  and 
to  facilitate  the  computation  of  the  area  of  quarter  sections  or 
lots  made  fractional  by  lakes  or  rivers,  meanders  (or  traverses) 
of  the  bank  of  river  or  lake  are  run  connecting  the  adjacent 
meander  comers.  Court  decisions  make  it  clear  that  such  a 
meander  line  is  not  to  be  understood  as  a  boundary  of  the  lot  in 
question.  Instead,  ownership  extends  beyond  such  meander  line 
as  far  as  the  high-water  mark. 

In  addition  to  the  above  work  the  U.  S.  Manual  of  Instructions 
requires  the  following  field  notes: 

177.  Stunmary  of  Objects  and  Data  Required  to  be  Noted.^ 

1.  The  precise  course  and  length  of  every  line  run,  noting 
all  necessary  offsets  therefrom,  with  the  reason  for  making  them, 
and  method  employed. 

2.  The  kind  and  diameter  of  all  bearing  trees,  with  the  course 
and  distance  of  the  same  from  their  respective  comers;   and 

*  Taken  from  the  Manual  of  Instructions,  U.  S.  Land  Office. 
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the   precise   relative   position    of   witness    comers   to    the   true 
comers. 

3.  The  kind  of  materials  of  which  corners  are  constructed. 

4.  Trees  on  line.  The  name,  diameter,  and  distance  on  line 
to  all  trees  which  it  intersects. 

5.  Intersections  by  line  of  land  objects.  The  distance  at  which 
the  line  intersects  the  boundary  lines  of  every  reservation,  town 
site,  duration  claim,  Indian  allotment,  settler's  claim,  improve- 
ment, or  rancho;  prairie,  bottom  land,  swamp,  marsh,  grove, 
and  windfall,  with  the  course  of  the  same  at  all  points  of  inter- 
section; also  the  distances  at  which  the  line  begins  to  ascend, 
arrives  at  the  top,  begins  to  descend  and  reaches  the  foot  of  all 
remarkable  hills  and  ridges,  with  their  courses,  and  estimated 
height  in  feet,  above  the  level  land  of  the  surrounding  country, 
or  above  the  bottom  lands,  ravines,  or  waters  near  which  they 
are  situated.  Also,  distance  to  and  across  large  ravines,  their 
depth  and  course. 

6.  Intersections  by  line  of  water  objects.  All  rivers,  creeks, 
and  smaller  streams  of  water  which  the  line  crosses;  the  distances 
measured  on  the  true  line  to  the  bank  first  arrived  at,  the  course 
down  stream  at  points  of  intersection,  and  their  widths  on  line. 
In  cases  of  navigable  streams,  their  width  will  be  ascertained 
between  the  meander  comers,  as  set  forth  under  the  proper  head. 

7.  The  land's  surface — whether  level,  rolling,  broken,  hilly 
or  mountainous. 

8.  The  soil — whether  rocky,  stony,  sandy,  clay,  etc.,  and  also 
whether  first,  second,  third,  or  fourth  rate. 

9.  Timber — the  several  kinds  of  timber  and  undergrowth, 
in  the  order  in  which  they  predominate. 

10.  Bottom  lands — to  be  described  as  wet  or  dry,  and  if 
subject  to  inundation,  state  to  what  depth. 

11.  Springs  of  water — whether  fresh,  saline,  or  mineral,  with 
the  course  of  the  stream  flowing  from  them. 

12.  Lakes  and  ponds — describing  their  banks  and  giNing 
their  height,  and  whether  it  be  pure  or  stagnant,  deep  or  shallow. 
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13.  Improvements— towns  and  villages;  houses  or  cabins, 
fields,  or  other  improvements,  with  owners'  names;  mill  sites, 
forges  and  factories,  U.  S.  mineral  monuments,  and  all  comers 
not  belonging  to  the  system  of  rectangular  surveying,  will  be 
located  by  bearing  and  distance,  or  by  intersecting  bearings  from 
given  points. 

14.  Coal  banks  or  beds;  peat  or  turf  grounds;  minerals  and 
ores  with  particular  description  of  the  same  as  to  quality  and 
extent,  and  all  diggings  therefor;  also  salt  springs  and  licks. 
All  reliable  information  that  can  be  obtained  respecting  these 
objects,  whether  they  be  on  the  line  or  not,  will  appear  in  the 
general  description. 

15.  Roads  and  trails,  with  their  directions,  whence  and 
whither. 

16.  Rapids,  cataracts,  cascades,  or  falls  of  water  with  the 
estimated  height  of  their  fall  in  feet. 

17.  Precipices,  caves,  sink  holes,  ravines,  remarkable  crags, 
stone  quarries,  ledges  of  rocks,  with  the  kind  of  stone  they  afford. 

18.  Natural  curiosities,  interesting  fossils,  petrifactions,  organic 
remains,  etc.;  also  all  ancient  works  of  art,  such  as  mounds, 
fortifications,  embankments,  ditches,  or  objects  of  like  nature. 

19.  The  magnetic  declination  will  be  incidentally  noted  at  all 
points  of  the  lines  being  surveyed,  where  any  material  change  in 
the  same  indicates  the  probable  presence  of  iron  ores;  and  the 
position  of  such  points  will  be  perfectly  identified  in  the  field 
notes. 

178.  Original  Notes ;  Where  Kept.  In  the  following  States 
copies  of  the  plats  and  notes  may  be  obtained  of  the  officers 

named: 

Alabama:  Secretary  of  State,  Montgomery. 
Arkansas:   Commissioner  of  State  Lands,  Little  Rock. 
Illinois:  Auditor  of  State,  Springfield. 
Indiana:  Auditor  of  State,  Indianapolis. 
Iowa:   Secretary  of  State,  Des  Moines. 
Kansas:  Auditor  of  State,  Topeka. 
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Michigan:  Commissioner  of  State  Land  Office,  Lansing. 
Mississippi:  Commissioner  of  State  Lands,  Jackson. 
Missouri:  Secretary  of  State,  Jefferson  City. 
Nebraska:  Commissioner  of  Public  Lands,  Lincoln. 
Ohio:  Auditor  of  State,  Columbus. 
Wisconsin:  Commissioners  of  Public  Lands,  Madison. 
In  other  public-land  States  the  original  field  notes  are  retained 
in  the  offices  of  the  United  States  surveyors-general.    In  most,  if 
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not  all  the  States  which  have  been  subdivided  into  sections,  copies 
of  the  original  notes  have  been  deposited  with  the  proper  officer 
of  each  county,  the  county  surveyor  or  register  of  deeds. 

179.  Subdivision  of  Sections.  The  directions  of  the  United 
States  Land  Office  for  doing  this  work  will  be  found  in  full  in 
Appendix  I,  and  should  be  carefully  studied.  Where  all  four 
quarter-section  comers  are  established,  the  work  of  dividing 
the  section  into  quarter  sections  is  simple,  viz.,  connect  the 
opposite  quarter  corners  with  straight  lines.     The  intersection 
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of  these  straight  lines  gives  the  legal  centre  of  the  section,  and  it 
will  be  noted  that  this  method  holds  in  the  fractional  sections  on 
the  north  and  west  side  of  the  township.     (See  Fig.  96.) 

In  townships  where  the  opposite  quarter  comers  were  never 
set,  the  quarter  lines  will  be  run  from  the  established  comers  on 
mean  courses  where  the  section  lines  are  not  due  lines.  In 
exceptional  cases  such  subdivisional  lines  may  be  run  parallel 
to  the  nearest  adjacent  section  line. 


17.70 


20.0 


40.00 


s 

s' 


I  I 

18.10 


8 


18.00 


1 


20.00 


_J0,0 J 40^ 

8 


4 


8 


20.00 


40.00 


^ 

3 


40.00 


S 


*FlC.  97. — Sec.  6  T.  N.R.E.  as  Surveyed  by  the  U.  S.  Surveyors. 


In  further  dividing  the  quarter  section  into  quarters  (40 
acres)  the  quarter-quarter  section  comers  will  be  established 
midway  between  the  U.  S.  Government  section  and  quarter  sec- 
tion and  midway  between  the  quarter  corners  and  the  centre  of 
the  section,  except  on  the  last  half  mile  of  the  lines  closing  on  the 
west  and  north  boundaries  of  the  township,  where  they  should 
be  placed  at  20  chains,  proportionate  measurement,  to  the  north 
or  west  of  the  quarter-section  comer.  From  such  quarter-quarter 
section  comers,  determined  as  above,  the  subdivisional  lines  of 
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the  quarter  section  will  be  run  straight  between  opposite  corre- 
sponding quarter-quarter  section  comers.  The  intersection  of 
the  lines  thus  run  will  determine  the  place  for  the  comer  conimcm 
to  the  four  quarter-quarter  sections. 

These  directions  can  be  best  understood  by  a  study  of  Figs. 
96  and  97,  the  latter  of  which  shows  the  most  irregular  section 
in  the  township  because  it  is  adjacent  to  both  the  north  and  west 
boundaries  of  the  town. 

180.  Relocating  Lost  Comers.  The  general  widespread 
indifference  to  the  value  and  importance  of  preserving  the  original 
location  of  section  and  quarter-section  comers  has  resulted  in  a 
multitude  of  disputes  and  expensive  litigation  regarding  property 
lines.  The  location  of  so  many  public  roads  on  section  lines  has 
frequently  led  to  the  careless  displacement  of  the  original  monu- 
ment, when  the  roads  were  improved  for  travel.  Witness  trees 
and  line  trees  have  been  ruthlessly  cut  down  and  removed  by 
the  very  landowners  whose  rights  they  preserved.  Although 
the  original  monuments  were  not  of  much  permanence,  very 
little  effort  on  the  part  of  the  early  settlers  was  needed  to  have 
marked  these  locations  in  a  very  permanent  manner.  The  value 
to  the  public  of  such  preservation  is  gradually  being  realized, 
but  at  so  late  a  period  as  to  greatly  increase  the  diflSculties  and 
cost  of  the  work.  A  very  large  proportion  of  present  land  sur- 
veying consists  in  the  relocation  of  section  comers.  The  duties 
of  the  surveyor  and  the  principles  which  must  guide  such  work 
of  relocation  are  fully  discussed  in  Arts.  148-15 1.  By  act  of 
Congress  approved  February  11,  1805,  it  is  provided  that  the 
comers  located  in  the  field  by  the  U.  S.  surveyors  shall  be  estab- 
lished as  the  proper  comers  of  the  section  or  quarter  section 
which  they  were  intended  to  designate,  irrespective  of  whether 
they  were  properly  located  in  the  first  place  or  not.  This  law  also 
provides  *  that  **  the  boundary  lines  actually  run  and  marked  " 


'  The   U.  S.  laws  governing  land  sulxlivision  are  given  in  Appendix  I  and 
should  be  thoroughly  studied  in  connection  with  this  article. 
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in  the  field  "  shall  be  established  as  the  proper  boundary  lines 
of  the  section  or  subdivisions  for  which  they  were  intended, 
and  the  length  of  such  lines  as  returned  by  the  .  .  .  surveyors 
aforesaid  shall  be  held  and  considered  as  the  true  length  thereof." 

In  a  circular  ^  of  the  General  Land  Office,  Washington,  D.  C, 
dated  October  i6,  1896,  certain  principles  and  methods  for  the 
re-establishment  of  section  comers  are  laid  down.  These  meth- 
ods have  been  so  uniformly  followed  in  court  decisions  as  to  have 
at  present  the  force  of  law.  The  General  Land  Office  makes 
an  important  distinction  between  an  obliterated  comer  and  a 
l(Kt  comer  as  follows: 

"  An  obliterated  comer  is  one  where  no  visible  evidence  remains 
of  the  work  of  the  original  surveyor  in  establishing  it.  Its  loca- 
tion, may,  however,  have  been  preserved  beyond  all  question 
by  acts  of  landowners,  by  the  memory  of  those  who  knew  and 
recollect  the  true  site  of  the  original  monument.  In  such  cases 
it  is  not  a  lost  comer. 

"  A  lost  comer  is  one  whose  position  cannot  be  determined 
beyond  a  reasonable  doubt  either  from  the  original  marks  or 
reliable  external  evidence." 

Examples  of  extemal  evidence  which  would  prevent  the 
comer  being  lost  are  the  following: 

1.  Monuments  set  by  later  surveyors  referring  to  the  original 
monument  while  it  was  still  existent. 

2.  Bearing  trees  marked  by  county  surveyors  and  duly 
recorded  (when  the  U.  S.  B.T.'s  were  still  recognizable). 

3.  Acts  of  landowners  in  placing  fence  lines  on  section  lines 
while  section  comer  was  still  existent. 

4.  Memory  of  old  residents  as  to  the  original  location  of  the 
comer. 

Examples  of  the  more  common  original  marks  are  the  fol- 
lowing: 

I.  Original  stake  or  other  monument. 

*  See  Appendix  I  for  the  full  text  of  this  circular. 
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2.  One  or  more  bearing  trees  or  stumps  of  same. 

3.  Line  or  sight  trees  mentioned  in  the  notes. 

4.  Field  notes  locating  the  comers  by  distances  from  natural 
objects  as  streams  or  ledges,  etc. 

A  fatal  but  very  common  error  made  by  the  inexperienced 
serveyor  results  from  a  lack  of  sufficient  care  and  labor  in  searching 
for  evidence  of  the  original  marks  of  the  survey.  A  hasty  search 
may  result  in  the  surveyor's  concluding  that  the  comer  is  lost, 
when  a  diligent  use  of  the  pick  and  spade  would  have  uncovered 
the  monument  or  some  of  its  witnesses.  Such  a  mistake  in 
judgment  may  result  in  the  "  lost  comer  "  being  located  at  a 
considerable  distance  from  the  easily  found  original  monument. 
Such  an  error  is  akin  to  a  gross  error  in  the  physician's  diagnosis 
of  his  patient.  In  both  cases  the  wrong  medicine  is  worse  than 
no  medicine  at  all. 

Not  infrequently  the  testimony  of  non-interested  old  residents 
can  be  secured  which  will  fix  the  location  beyond  a  reasonable 
doubt.  Or  again,  the  acts  of  owners  may  perpetuate  the  original 
location  of  the  comer  beyond  a  reasonable  doubt,  although,  in 
the  meantime,  all  marks  of  the  original  survey  are  gone.  An 
effective  search  for  a  lost  or  obliterated  comer  cannot  be  made 
without  a  copy  of  the  original  field  notes. 

Attention  has  been  called  (Art.  150)  to  the  fact  that  property 
lines  can  be  fixed  quite  independently  of  the  actual  section  comers. 
This  is  due  to  a  general  legal  principle,  called  adverse  possession. 

Surveyors  have  sometimes  erred  in  their  decision  as  to  the 
proper  way  of  restoring  the  comer  if  lost.  For  this  reason  sur- 
veyors should  familiarize  themselves  with  the  laws  of  Congress 
and  the  instructions  of  the  U.  S.  Land  Office  governing  the  par- 
ticular survey  in  question.  A  careful  study  of  the  U.  S.  Land 
Office  circular  referred  to  above  should  be  very  helpful. 
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FnrDHVG  the  Area  or  Superficial  Contents  of  Land  when 
THE  Limiting  Boundaries  are  Given 

i8i.  The  Area  of  a  Piece  of  Land  is  the  area  of  the 
level  surface  included  within  the  vertical  planes  through  the 
boundary  lines.  This  area  is  found  in  acres,  roods,  and  perches, 
or,  better,  in  acres  only,  the  fractional  part  being  expressed 
decimally.  Evidently  the  finding  of  such  an  area  involves  two 
distinct  operations,  viz.:  the  field  work,  to  determine  the  posi- 
tions, directions,  and  lengths  of  the  boundary  lines;  and  the 
computation,  to  find  the  area  from  the  field  notes.  There  are 
several  methods  of  making  the  field  observations,  giving  rise 
to  corresponding  methods  of  computation.  Thus,  the  area  may 
be  divided  into  triangles,  and  the  lengths  of  the  sides,  or  the 
angl^  and  one  side,  or  the  bases  and  altitudes  measured,  and 
the  several  partial  areas  computed.  Or  the  bearings  and  dis- 
tances of  the  outside  boundary  linas  may  be  determined  and  the 
included  area  computed  directly.  This  is  the  conmion  method 
employed.  Again,  the  rectangular  co-ordinates  of  each  of  the 
comers  of  the  tract  may  be  found  in  any  manner  with  reference 
to  a  chosen  point  which  may  or  may  not  be  a  point  in  the  boun- 
dary, and  the  area  computed  from  these  co-ordinates.  These 
three  methods  will  be  described  in  detail. 

I.  Area  by  Triangular  Subdivision. 

182.  By  the  Use  of  the  Chain  Alone.  In  Fig.  98  let 
ABCDEF  be  the  comer  boundaries  of  a  tract  of  land,  the  sides 
being  straight  lines.  Measure  all  the  sides  and  also  the  diagonals 
AC,  ADy  AE,  and  FB.  The  area  required  is  then  the  sum  of 
the  areas  of  the  four  triangles  ABC,  ACD,  ADE,  and  AEF. 
These  partial  areas  are  computed  by  the  formula, 


Area  =  Vs{s  —a)  {s  —b){s—c), 
where  5  is  the  half  sum  of  the  three  sides  a,  b,  c  in  each  case. 
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Far  a  cheeky  plot  the  work  from  the  field  notes.  Thus,  take 
any  point  as  A  and  draw  arcs  of  circles  with  i4  as  the  common 
centre,  with  the  radii  AB,  AC,  AD,  AE,  and  AF  taken  to  the 
scale  of  the  plot.  From  any  point  on  the  first  arc,  as  J5,  and 
with  a  radius  equal  to  BC  to  scale,  cut  the  next  arc,  whose  radius 
was  ACy  giving  the  point  C  From  C  and  D  with  the  measured 
distance  CD,  etc.,  until  F  is  reached.  Measure  FB  on  the  plot, 
and  if  this  is  equal  to  the  measured  length  of  this  line,  taken  to 
the  scale  of  the  drawing,  the  field  work  and  plot  are  correct 


I  \ 


Fig.  98 


It  is  evident  the  point  A  might  have  been  taken  anywhere  inside 
the  boundary  lines  without  changing  the  method. 

183.  By  the  Use  of  the  Compass,  or  Transit,  and  Chain. 
If  the  compass  had  been  set  up  at  A  the  outer  boundaries  could 
have  been  dispensed  with,  except  the  lines  AB  and  AF.  All 
that  would  be  necessary  in  this  case  would  be  the  bearings  and 
distances  to  the  several  comers.  We  then  have  two  sides  and 
the  included  angle  of  each  triangle  given  when  the  area  of  each 
triangle  is  found  by  the  formula: 


Area  =  haO  sm  C. 
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In  this  case  there  is  no  check  on  the  chaining  or 
bearings.  The  taking  out  of  the  angles  from  the  given 
bearings  could  be  checked  by  summing  them.  This  sum 
should  be  360°  when  A  is  inside  the  boundary  line,  and  360° 
minus  the  exterior  angle  FAB  when  A  is  on  the  boundary. 
K  the  boundary  lines  be  measured  also,  then  the  area  of 
each  triangle  can  be  computed  by  both  the  above  methods  and 
a  check  obtained. 

184.  By  the  Use  of  the  Transit  and  Stadia.^  Set  up  at 
i,  or  at  any  interior  or  boundary  point  from  which  all  the  comers 
can  be  seen,  and  read  the  distances  to  these  comers  and  the 
horizontal  angles  subtended  by  them.  The  area  is  then  com- 
puted by  the  formula  given  in  the  previous  article.  The  dis- 
tances may  be  checked  by  several  independent  readings,  and 
the  angles  by  closing  the  horizon  (sum  =  360°). 

The  above  methods  do  not  establish  boundary  lines,  which 
k  usually  an  essential  requirement  of  every  survey. 


n.  Area  from  Bearing  and  Length  of  the  Boundary  Lines. 

185.  The  Common  Method  of  £nding  land  areas  is  by 
means  of  a  compass  ^  and  chain.  The  bearings  and  lengths  of 
the  boundary  lines  are  found  by  following  around  the  tract  to 
the  point  of  beginning.  If  the  boundary  lines  are  unobstructed 
by  fences,  hedges,  or  the  like,  then  the  compass  is  set  at  the 
comers,  and  the  chaining  done  on  line.  If  these  lines  are 
obstructed,  then  equal  rectangular  offsets  are  measured  and  the 
bearings  and  lengths  of  parallel  lines  are  determined.  In  this 
case  the  compass  positions  at  any  comer  for  the  two  courses 
meeting  at  that  comer  are  not  coincident,  neither  are  the 
final  point   of  one  coxirse   and   the   initial  point  of   the  next 


*  The  stadia  methods  are  described  in  Chapter  VIII. 
'  The  transit  is  also  frequently  used. 
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course,  the  perpendicular  offsets  from  the  true  comer  over- 
lapping on  angles  less  than  i8o°  and  separating  on  angles 
over  1 80°. 

The  chaining  is  to  be  done  as  described  in  Art.  4,  the 
66-foot  or  Gunter's  chain  being  used.  Both  the  direct  and 
the  reverse  bearing  of  each  course  should  be  obtained  for  a 
check  as  well  as  to  determine  the  existence  of  any  local  attrac- 
tion. For  the  methods  of  handling  and  using  the  compass  see 
Chapter  II. 

186.  The  Field  Notes  should  be  put  on  the  left-hand  page 
and  a  sketch  of  the  line  and  objects  crossing  it  on  the  right- 
hand  page  of  the  note  book.  The  following  is  a  convenient 
form  for  keeping  the  notes.  They  are  the  field  notes  of  the 
survey  which  is  plotted  on  page  228.  It  will  be  seen  that  the 
"  tree "  was  sighted  from  each  comer  of  the  survey  and  its 
bearing  recorded.  If  these  lines  were  plotted  on  the  map  they 
would  be  found  to  intersect  at  one  point.  If  the  plot  had  not 
closed,  then  these  bearings  would  have  been  plotted  and  they 
would  not  have  intersected  at  one  point,  the  first  line  which 
deviated  from  the  common  point  indicating  that  the  preceding 
course  had  been  erroneously  measured,  either  in  bearing  or 
distance,  or  else  plotted  wrongly.  In  general  such  bearings, 
taken  to  a  common  point,  enable  us  to  locate  an  error  either  in 
the  field  notes  or  in  the  plot.  The  bearings  of  all  division  fences 
were  taken,  as  well  as  their  point  of  intersection  with  the  course, 
so  that  these  interior  lines  could  be  plotted  and  a  map  of  the 
farm  obtained.  The  "  old  mill  "  is  located  by  bearings  taken 
from  comers  B  and  G.  The  reverse  bearings  are  given  in 
parenthesis. 
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FIELD   NOTES— COMPASS   SURVEY.     October  23,  1905. 


No  of 
Course 


\Vt.=  i 


Wi.=  i 


3 
Wt.=3 


4 

Wt.  =  2 


5 

WI.-2 


Point. 


Bearing-tree., 
Pasture  fence 
Yani        **   .. 


Orchard  '  * 
Comer  B . . 


B.T.... 
Old  Mill. 
Fence . . . 


Corner  C 


B.T 

Old  Mill.., 

Fence 

Mill  Creek. 

Fence 

Comer  D. . 


Bearing. 


S.  76°5o'K 

West 

.  t . . . . . 
<  I 

South...... 

(North).... 


N.  54°i5'E.... 
N.  s8°  E.... 
North 


<  I 


^"^^  89°55'E.... 
(West) 


N.  220  20'W... 

N.  26°45' W... 
N.6i0  45'W... 


6 
Wt.=5 


Wt.^3 

8 
Wt.-i 


B.T 

Comer  E, 


B.T 

Fence 

Comer  F. 


B.T 

N.bank  Mill  Creek 

S. 

Ojmer  G . . 


( ( 


Fence 

Offset,  0.40. 
.60, 
.80. 
.70. 

.30- 
.20. 


Comer  H . 


Comer  A. 


N.64OW 

N.  27^40'  E... 
(S.  2f  45'  W.). 


S.  85°  W 

N.  19010'W... 
(S.i9°i5'E.).. 


S.  62°3o'W... 

South 

N.86*>5<i'W... 

(S.86°45'K.).. 


S.  400  15'  E. 


S.  47030'W... 
(N.47°3o'E.). 


S.  32*»E. 


S.  77%5'W.. 
(N.77°45'E.). 


S.  89°  W.. 
(N.89OE.), 


Distance 

along  the 

Course. 


Ch. 
7.20 

9.75 
11.54 
13-90 
25.42 


12.50 
24.10 
34.68 


9.90 
10.70 

12.45 
24.00 


7.40 


15.80 
25.58 


0.30 
0.80 
1.50 


0.00 

0.00 

3.00 

6.00 

9.00 

12.00 

13.60 

13.60 


3-53 


Remarks. 


True  bearings  given. 
Variation  of  needle  5®  50' 

east. 
Henry  Flagg, 

Compassman. 
Peter  Long,  \  ^,    . 
John  Short.  /  C'^'"'^" 

Courses  i  and  2  are  along 
the  centres  of  the  high- 
way. 
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V 


Uighway  -^ 


Due  SouUi 


Fig.  99. — Plot  of  Farm  Survey. 
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Computing  the  Area 

187.  The  Method  Stated.  In  Fig.  100  *  let  ABCDE  be  the 
tract  whose  area  is  desired.  Let  us 
suppose  the  bearings  and  lengths  of 
the  several  courses  have  been  observed. 
Pass  a  meridian  through  the  most 
westerly  comer,  which  in  this  case  is 
the  comer  A.  Let  fall  perpendiculars 
upon  this  meridian  from  the  several 
cx)mers,  and  to  those  lines  drop 
other  perpendiculars  from  the  adja- 
cent comers,  as  shown  in  the  figure. 
Then  we  have: 


Fig.  100. 


Area  ABCDE  =  hBCDfb  -bSA  EDfb 

=  bBCe + eCDf  -  {bBA  +AEa+ aEDf) . 

Hence  twice  the  area  ABCDE  is: 

2A  =  {bB+eC)Bc  +  {eC  +fD)  Dd 
-  {bB)Ab  -  {aE)Aa  -  {aE  +fD)Eg. 


(I) 


(2) 


We  will  now  proceed  to  show  that  these  distances  are  all 
readily  obtained  from  the  lengths  and  bearings  of  the  courses. 

188.  Latitudes,  Departures,  and  Meridian  Distances. 
The  latitude  of  a  course  is  the  length  of  the  orthographic  pro- 
jection of  that  course  on  the  meridian,  or  it  is  the  length  of  the 
course  into  the  cosine  of  its  bearing.  If  the  forward  bearing 
of  the  course  is  northward  its  latitude  is  called  its  northing,  and 
is  reckoned  positively;  while  if  the  course  bears  southward  its 
latitude  is  called  its  southing,  and  is  reckoned  negatively. 

The  departure  of  a  course  is  the  length  of  its  orthographic 
projection  on  an  east  and  west  line,  or  it  is  the  length  of  the 


*  The  lines  OD  and  OX  in  this  figure  are  used  in  Art.  207. 
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course  into  the  sine  of  its  bearing.  If  the  forward  bearing  of 
the  course  is  eastward  its  departiure  is  called  its  eastingy  and  is 
reckoned  positively;  while  if  its  forward  bearing  is  westward 
its  departure  is  called  its  westings  and  is  reckoned  negatively. 

The  meridian  distance  of  a  point  is  its  perpendicular  distance 
from  the  reference  meridian,  which  is  here  taken  through  the 
most  westerly  point  of  the  survey. 

The  meridian  distance  of  a  course  is  the  meridian  distance  of 
the  middle  point  of  that  course;   therefore, 

The  double  meridian  distance  of  a  course  is  equal  to  the  sum 
of  the  meridian  distances  to  the  extremities  of  that  course.  The 
D.  M.  D.'s  of  the  two  courses  adjacent  to  the  reference  meridian 
are  evidently  equal  to  their  respective  departures.  The  D.  M.  D. 
of  any  other  course  is  equal  to  the  D.  M.  D.  of  the  preceding 
course  plus  the  departure  of  that  course  plus  the  departiure  of 
the  course  itself,  easterly  departures  being  counted  positively 
and  westerly  departures  negatively.    This  is  evident  from  Fig.  93. 

Thus  in  Fig.  93  Dd  is  the  latitude  and  dC  is  the  departure 
of  the  course  DC.  If  the  survey  was  made  with  the  tract  on 
the  left  hand,  then  the  latitude  of  this  course  is  positive  and 
the  departure  negative;  while  the  reverse  holds  true  if  the  survey 
was  made  with  the  tract  on  the  right  hand.  In  this  discussion 
it  will  be  assumed  that  the  survey  is  made  by  going  around  to 
the  left,  or  by  keeping  the  tract  on  the  left  hand,  although  this 
is  not  essential.  The  D.  M.  D.  of  this  course  CD  isfD+eC; 
or  it  is  the  D.  M.  D.  of  BC-^cC+i-dQ. 

In  equation  (2),  Art.  187,  the  quantities  enclosed  in  paren- 
thesis are  the  double  meridian  distances  of  the  several  courses, 
all  of  which  are  positive,  while  the  distances  into  which  these 
are  multiplied  are  the  latitudes  of  the  corresponding  courses. 
If  we  go  around  towards  the  left  the  latitudes  of  the  courses 
AB,  DEy  and  EA  are  negative,  and  therefore  the  corresponding 
products  are  negative,  while  the  latitudes  of  the  courses  BC  and 
CD  being  positive,  their  products  are  positive. 

We  may  therefore  say  that  twice  the  area  of  the  figure  is  equal 
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to  the  algebraic  sum  of  the  products  of  the  double  meridian  distances 
of  the  several  courses  into  the  corresponding  latitudes^  north  lati- 
tudes being  reckoned  positively  and  south  latitudes  negatively, 
and  the  tract  being  kept  on  the  left  in  making  the  survey.  If  the 
tract  be  kept  on  the  right  in  the  survey,  then  the  numerical  value 
of  the  result  is  the  same,  but  it  comes  out  with  a  negative  sign. 

189.  Computing  the  Latitudes  and  Departures  of  the 
Courses*  Since  the  departure  of  a  course  is  its  length  into  the 
sine,  and  its  latitude  its  length  into  the  cosine,  of  its  bearing, 
these  may  be  computed  at  once  from  a  table  of  natural  or  loga- 
rithmic sines  and  cosines.  When  bearings  were  (formerly)  read 
only  to  the  nearest  15  minutes  of  arc,  tables  were  used  giving 
the  latitude  and  departiure  for  all  bearings  expressed  in  degrees 
and  quarters  for  all  distances 'from  i  to  100.  Such  tables  are 
called  traverse  tables.  It  is  customary  now,  however,  to  read 
even  the  needle  compass  closer  than  the  nearest  15  minutes; 
and  if  forward  and  back  readings  are  taken  on  all  courses,  and 
the  mean  used,  these  means  will  seldom  be  given  in  even  quarters 
of  a  degree.  If  the  transit  or  solar  compass  is  used,  the  bearing 
is  read  to  the  nearest  minute.  The  old  style  of  traverse  table 
is  therefore  of  little  use  in  modem  surveying.  The  ordinary 
five-  or  six-place  logarithmic  tables  of  sines  and  cosines  are  com- 
puted for  each  minute  of  arc,  and  these  may  be  used,  but  they 
are  unnecessarily  accurate  for  ordinary  land-surveying.  For 
this  purpose  a  four-place  table  is  suflScient.  If  the  average  error 
of  the  field  work  is  as  much  as  i  in  1000,  then  an  accuracy  of  i 
in  5000  in  the  reduction  is  evidently  all-suflScient,  and  this  is 
about  the  average  maximum  error  in  a  four-place  table;  that 
is,  the  average  of  the  maximum  errors  that  can  be  made  in  the 
different  parts  of  the  table. 

Table  III.  is  a  four-place  table  of  logarithms  of  numbers 
from  I  to  10,000,  and  Table  IV.  is  a  similar  table  of  logarithms 
of  sines  and  cosines,  from  o  to  90°. 

Since  the  log  sine  changes  very  fast  near  zero  and  the  log 
cosine  very  fast  near  90®,  the  table  is  made  out  for  every  minute 
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for  the  first  three  degrees  from  these  points;  for  the  rest  of  the 
quadrant  it  gives  values  lo  minutes  apart,  but  with  a  tabular 
difiference  for  each  minute.  It  is  very  desirable  to  make  the 
table  cover  as  few  pages  as  possible  for  convenience  and  rapidity 
in  computation.  In  this  table  the  zero  point  is  south  and  angles 
increase  in  the  direction  SWNE,  so  that  in  the  first  quadrant 
both  latitudes  and  departures  are  negative.  In  the  second  quad- 
rant latitude  is  positive  and  departure  negative,  in  the  third 
both  are  positive,  and  in  the  fourth  latitude  is  negative  and  depart- 
ure positive.  For  any  angle,  falling  in  any  quadrant,  if  reckoned 
from  the  south  point  in  the  direction  here  shown,  the  log  sin  (for 
departure)  and  log  cosine  (for  latitude)  may  be  at  once  found 
from  Table  IV.  If  these  logarithms  are  both  taken  out  at  the 
same  time  and  then  the  logarithms  of  the  distance  from  Table  III., 
this  can  be  applied  to  both  log  sin  and  log  cos,  thus  giving  the  log 
departure  and  log  latitude,  when  from  Table  III.,  again,  we  may 
obtain  the  lat.  and  dep.  of  this  course,  giving  these  their  signs 
according  to  the  quadrant  in  which  the  azimuth  of  the  line  falls. 

If  Table  IV.  is  to  be  used  for  bearings  of  lines  as  given  by  a 
needle  compass,  then  enter  the  table  for  the  given  bearing,  in 
the  first  set  of  angles,  beginning  at  o  and  ending  at  90®-  If  azi- 
muths are  read  these  should  be  reduced  to  bearings. 


EXAMPLE 

190.  Compute  the  latitudes  and  departures  of  the  survey  plotted  in  Fig.  lOO, 
p.  229,  by  Tables  III  and  IV.  The  following  are  the  field  notes  as  they  would 
appear,  first,  as  read  by  a  transit  and  referred  to  the  true  meridian;  and,  second, 
as  read  by  a  needle  compass. 


Station. 

Azimuth  Referred 
to  the  South  Point. 

Compass  Bearing. 

Dbtance. 

A 
B 
C 

D 
E 

290°  45' 
217°   15' 
1400  30' 

57°  45'- 
30°  00' 

S.  69°  15'  E. 

N.  37°  15'  E. 

N.  390  30'  W. 

S.57°45'W. 

S.  so°  00'  W. 

7.06 

5-93 
6.00 

4.65 
4.98 
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The  following  is  a  convenient  form  for  computing  the  lati- 
tudes and  departures: 


log  sin  (dep.) 
logdist. 

log  dep. 
Departure  = 

log  cos  (lat.) 
log  dist. 

log  lat. 
Latitude 


Course 
AB 

4th  0. 

Course 

BC 
3dO. 

Course 
CD 

2d0. 

Course 

DE 
ist  Q. 

Course 

EA 

1st  0. 

9.9708 
.8488 

9.7820 
-7731 

9.803s 
-7782 

9.9272 
.6675 

9.6990 
.6972 

.8196 
+  6.60 

9.5494 
.8488 

■S5SI 
+3-59 

9.9009 
.7731 

.5817 
-3.82 

9.8874 
.7782 

•5947 
-3-93 

9.7272 
.6675 

.3962 
-2.49 

9-9375 
.6972 

.3982 
-2.50 

.6740 
+  4.72 

.6656 
+  4.63 

.3947 
-2.48 

.6347 
-4.31 

It  is  seen  that  Table  III.  gives  the  latitudes  and  departures 
to  the  foiirth  significant  figure  as  well  as  to  the  third. 

191.  Balancing  the  Survey.  If  the  bearings  and  lengths 
of  all  the  courses  had  been  accurately  *  determined,  the  survey 
would  "  close  " ;  that  is,  when  the  courses  are  plotted  successively 
to  any  scale  the  end  of  the  last  course  would  coincide  on  the  plot 
with  the  beginning  of  the  first  one.  Furthermore,  the  sum  of 
the  northings  (plus  latitudes)  would  exactly  equal  the  sum  of  the 
southings  (minus  latitudes),  and  the  sum  of  the  eastings  (plus 
departures)  would  exactly  equal  the  sum  of  the  westings  (minus 
departures).  It  is  evident  that  such  exactness  is  not  attainable 
in  practice,  and  that  neither  the  north  and  south  latitudes  nor  the 
east  and  west  departures  will  exactly  balance,  there  always  being 
a  small  residual  in  each  case.    These  residuals  are  called  the 


*  The  error  of  closure  simply  shows  a  want  of  uniformity  of  measurement, 
for  if  all  the  sides  were  in  error  by  the  same  relative  amount,  the  survey  would 
close  just  the  same.  For  instance,  if  an  erroneous  length  of  chain  were  used, 
the  survey  might  close  but  the  area  be  considerably  in  error.  See  Arts.  195 
and  197. 
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errors  of  latitude  and  departure  respectively.    The  distribution 
of  these  errors  is  called  balancing  the  survey} 

In  the  form  for  reduction  of  the  field  notes  given  below, 
wherein  tliis  example  is  solved,  it  is  seen  that  the  error  of  lati- 
tude is  6  links  and  the  error  of  departure  is  5  links.  The  dis- 
tribution of  these  errors  is  made  by  one  of  the  following: 

FORM  FOR  COMPUTING  AREAS  FROM  BEARINGS  AND  DISTANCES 

OF  THE  SIDES 


sta- 
tions. 

Courses. 

Dif.  Lat. 

Departure. 

Balanced. 

• 

Q 

m 

Q 

+ 
Area. 

Bearings. 

Dist. 

N. 

+ 

s. 

E. 

+ 

w. 

Lat. 

Dep. 

Area. 

A 
B 

c 

S.  69^'is'E. 
N.  37°i5'E. 
N.  39°  30'  W. 
S.  57°  4S'  W. 
S.  30°  00'  W. 

Ch. 
7.06 

5.93 
6.00 

4.65 
4.98 

4.7- 
4.63 

a.  so 

6.60 
3    59 

3.8a 

3.93 

2-49 

—  3.53 

+  4.71 
+  4.63 

-3.49 
-4.32 

+  6.61 
+  3.60 
-3.81 
-3.92 
-3.48 

6.61 

16.83 

16.61 

8.88 

a.  48 

79   22 
76.74 

16.66 

D 
B 

a.  48 
4.31 

aa. II 
10.71 

38.6a 

9. 35 
9-29 

9.39 

10. 19 

10.34 
10.  19 

155.96 
49.48 

49.48 

Error  in  lat.  —  0.6 

1 
Error  in  dep 

-.05 

a 

I106.48 

Area*  53 .  34  sq.ch. 
—  5.334  Acrts. 


Error  of  closure' 


\/5«  +  6i 
a86a 


—  0.0037 

—  I  in  366. 


*  It  should  be  noted  that  these  residuals  come  only  from  the  accidental  errors 
of  the  work.  Any  constant  error  like  those  due  to  a  erroneous  tape  length  will 
not  appear  in  these  residuals. 
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Rules  for  Balancing  a  Closed  Survey 

192.  The  Compass  Rule.  Rule  i.  As  the  sum  of  all  the 
distances  is  to  each  particular  distance,  so  is  the  whole  error  in 
latitude  (or  departure)  to  the  correction  of  the  corresponding  latittide 
(or  departure)  y  each  correction  being  so  applied  as  to  diminish 
the  whole  error  in  each  case.^ 

Rule  2.  Determine  the  relative  difl&culties  to  accurate 
measurement  and  alignment  of  the  several  courses,  selecting 
one  course  as  the  standard  of  reference.  Thus,  if  the  standard 
course  would  probably  give  rise  to  an  error  of  i,  determine  what 
the  errors  for  an  equal  distance  on  the  other  courses  would  prob- 
ably be,  as  1^,  2,  I,  0.5,  etc.  Multiply  the  length  of  each  course 
by  its  number,  or  relative  difficulty,  as  thus  ^timated.  Then 
we  would  have: 

As  the  sum  of  all  the  midti plied  lengths  is  to  each  multiplied 
lengthy  so  is  the  whole  error  in  latitude  (or  departure)  to  the  cor- 
rection of  the  corresponding  latitude  {or  departure),  each  correc- 
tion being  so  applied  as  to  diminish  the  whole  error  in  each 
case. 

These  two  rules  are  based  on  the  assumption  that  the  error 
of  closure  is  as  much  due  to  erroneous  bearings  as  to  erroneous 
chaining,  which  experience  shows  to  be  true  in  needle-compass 
work. 

If,  however,  the  bearings  are  all  taken  from  a  solar  compass 
(or  attachment)  in  good  adjustment,  or  if  the  exterior  lines  are 
run  as  a  traverse  with  a  transit,  so  that  the  angles  of  the  perim- 
eter are  accurately  measured,  then  the  above  assumption  does 
not  hold,  as  it  is  highly  probable  that  the  error  of  closure  is  almost 


*  For  finding  the  corresponding  corrections  to  the  lengths  of  the  courses  them- 
selves, see  note  under  tabular  computations,  p.  240.  This  was  first  suggested 
by  Mr.  Antonio  Llano  in  Eng.  NewSy  Nov.  23,  1899.  See  also  The  Adjustment 
o^a  Compass  Survey,  by  C.  L.  Crandall,  Transactions  Am.  Soc.  C.E.,  Vol.  XLV, 

P-  453. 
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wholly  due  to  erroneous  chaining.  Especially  would  this  be 
highly  probable  if  the  azimuth  is  checked  by  occupying  the  first 
station  on  closing  and  redetermining  the  azimuth  of  the  first 
course,  as  found  from  the  traverse,  and  comparing  it  with  the 
initial  (true  or  assumed)  azimuth  of  this  course.  If  it  thus 
appears  that  the  traverse  is  practically  correct  as  to  angular 
measurements,  it  may  be  fairly  assumed  that  the  error  of  closure 
is  almost  wholly  due  to  erroneous  chaining.  In  this  case  use  the 
following  Transit  Rule  3: 

193.  As  the  arithmetical  sum  of  all  the  latitudes  is  to  any  one 
latitude,  so  is  the  whole  error  in  latitude  to  the  correction  to  the 
corresponding  latitude,  each  correction  being  so  applied  as  to 
diminish  the  whole  error  in  each  case.  Proceed  similarly  with 
the  departures.^ 

In  the  solution  given  on  p.  234  the  first  rule  is  applied.  In 
ordinary  farm-surveying  it  is  not  common  to  give  the  lengths 
of  the  courses  nearer  than  the  nearest  even  link  or  hundredth 
of  a  chain.  In  balancing,  therefore,  the  same  rule  may  be 
observed.  In  the  more  accurate  work  where  the  100-foot  tape 
is  used,  corrections  should  be  made  to  nearest  tenth  of  a  foot. 

194.  Comparison  of  the  Transit  and  Compass  Rules  for 
Balancing.  If  the  compass  rule  should  be  used  to  balance  a 
transit  survey  it  is  likely  that  the  adjusted  positions  would  be 
much  more  in  error  than  those  given  by  the  original  field  notes. 
This  is  due  to  the  fact  that  the  application  of  the  compass  rule 
is  certain  to  change  the  bearings  of  all  lines,  since  the  corrections 
in  latitude  and  departure  are  all  proportional  to  the  lengths  of 
the  courses.  If  the  sides  of  the  farm  are  practically  north  and 
south  and  east  and  west,  the  use  of  the  transit  rule  will  be  to 
change  the  lengths  of  the  courses  but  not  the  bearings.    This  is 

1  It  is  evident  that  the  courses  could  here  be  weighted  for  different  degrees 
of  difficulty  in  the  chaining;  but  instead  of  multiplying  the  lengths  of  the  courses 
by  their  weights,  multiply  the  latitudes  and  departures  by  the  weights  of  the 
corresponding  courses,  and  then  distribute  the  errors  in  latitude  and  departure 
by  these  multiplied  latitudes  and  departures. 
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as  it  should  be  in  transit  work.  If  the  sides  of  the  farm  are  at 
right  angles  or  nearly  so,  but  not  parallel  with  the  cardinal  points 
of  the  compass,  all  of  the  bearings  should  be  changed  by  the 
constant  angle  which  would  reduce  to  such  parallelism,  before 
beginning  the  adjustment. 

Where  the  bearings  of  the  farm  as  surveyed  by  a  transit  are 
so  irregular  that  they  cannot  be  made  approximately  parallel 
and  perpendicular  to  an  assumed  or  true  meridian,  no  rule  is 
known  for  balancing  the  circuit  which  will  not  disturb  the  already 
proved  true  bearings  and  angles  of  the  farm. 

On  the  other  hand,  since  it  has  been  shown  that  the  errors  of 
compass  surveying  are  quite  as  likely  to  be  due  to  errors  in  the 
indicated  bearings  as  in  the  chaining,  the  use  of  the  compass 
rule  for  balancing  such  work  should  not  lead  to  any  distortion 
in  the  resulting  bearings,  because  it  puts  the  correction  where  the 
errors  were  most  probably  made. 

The  following  application  of  both  the  compass  and  transit 
rules  to  balancing  the  fifth  course  of  the  problem  on  page  243 
should  make  the  above  statement  clear. 

Applying  the  compass  rule  this  course  would  be  corrected 
in  departure  \^\\  part  of  the  total  error  in  departure,  17  feet, 
or  about  4  feet.  This  correction  in  departure  corresponds  to  a 
change  in  bearing  or  azimuth  of  this  course  of  about  9  minutes. 
Hence  we  see  the  application  of  the  compass  rule  to  accurate 
transit  work  in  this  case  changes  the  bearing  of  this  one  course 
by  over  four  times  as  much  as  the  total  error  made  in  running  the 
entire  six  courses.  It  will  be  noted,  however,  that  the  transit  rule 
does  not  change  the  bearing  of  this  course  at  all,  but  instead  puts 
all  the  error,  2  feet,  in  the  length. 

195.  The  Error  of  Closure  is  the  ratio  to  the  whole  perim- 
eter of  the  length  of  the  line  joining  the  initial  and  final  points, 
as  found  from  the  field  notes.  The  length  of  this  line  is  the 
hypotenuse  of  a  right  triangle  of  which  the  errors  in  latitude  and 
departure  are  the  two  sides.  Its  length  is  therefore  equal  to 
4e  square  root  of  the  sum  of  the  squares  of  these  two  errors. 
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This  divided  by  the  whole  perimeter  gives  the  error  of  closure, 
which  ratio  is  usually  expressed  by  a  vulgar  fraction  whose  numer- 
ator is  one,  being  -^^  in  the  above  example. 

The  error  of  closure  for  ordinary  rolling  country  should  not 
be  more  than  i  in  500.  In  city  work  it  should  be  less  than  i 
in  5000,  and  should  average  less  than  i  in  loooo. 

196.  The  Form  of  Reduction.  On  p.  240,  the  ordinary 
form  of  reduction  is  shown.  Here  the  courses  are  not  multiplied 
by  different  degrees  of  difficulty  in  chaining;  and  since  it  was 
a  compass  survey  the  effect  of  erroneous  bearings  is  supposed 
to  equal  that  from  erroneous  chaining,  and  so  the  first  rule  for 
balancing  is  used.  The  balanced  latitudes  and  departures  having 
been  found,  the  double  meridian  distances  are  next  taken  out. 
In  taking  out  these  it  is  preferable  to  begin  with  the  most  westerly 
corner,  whether  this  be  the  first  course  recorded  or  not.  In  the 
example  solved  on  p.  234,  it  is  the  first  comer  occupied,  but  in 
that  given  on  p.  243,  it  is  not  the  first  course.  By  beginning 
with  the  most  westerly  comer  (which  is  equivalent  to  passing 
the  reference  meridian  through  that  comer),  all  the  double  merid- 
ian distances  will  be  positive;  otherwise  some  of  them  may  be 
negative.  If  attention  be  paid  to  signs  we  may  begin  at  any 
comer  to  compute  the  double  meridian  distances. 

A  check  on  the  computation  of  the  D.  M.  D.'s  is  that,  when 
computed  continuously  in  either  direction  and  from  any  comer, 
the  numerical  value  of  the  D.  M.  D.  of  the  last  course  must  equal 
its  departure  with  the  opposite  sign.  This  is  a  very  important 
check  and  must  not  be  neglected,  as  it  proves  the  accuracy  of  all 
the  D.  M.  D.'s. 

We  are  now  able  to  compute  the  double  areas  according  to 
equation  (2),  Art.  187,  since  the  terms  entering  in  that  equation 
have  their  numerical  values  determined.  The  several  products, 
being  the  partial  double  areas,  are  written  in  the  last  two  col- 
unms,  careful  attention  being  paid  to  the  signs  of  these  products. 
Thus,  when  the  reference  meridian  is  taken  through  the  most 
westerly  comer,  then  all  the  D.  M.  D.*s  are  positive  and  the 
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results  take  the  sign  of  the  corresponding  latitude.  If  some  of 
the  D.  M.  D.'s  are  negative,  then  the  signs  of  these  partial  areas 
are  opposite  to  those  of  the  corresponding  latitudes.  The  alge- 
braic sum  of  the  partial  double  areas  is  twice  the  area  of  the 
figure,  as  shown  in  Eq.  (2),  Art.  187.  If  the  distances  are  given 
in  chains,  then  the  area  is  given  in  sq.  chains,  and  dividing  by  ten 
gives  the  area  in  acres.  If  the  distances  were  given  in  feet,  as  it 
often  is,  being  measured  by  a  100-foot  chain  or  tape,  then  the 
area  is  in  sq.  feet,  and  this  must  be  divided  by  43560,  the  number 
of  sq.  feet  in  one  acre,  to  give  the  area  in  acres.  This  is  best 
done  by  logarithms,  as  shown  in  the  example  solved  in  Art.  189. 
It  is  preferable  to  express  areas  in  acres  and  decimals  rather  than 
in  roods  and  perches,  as  was  formerly  the  custom. 

On  the  following  page  is  the  reduction  of  the  field  notes  given 
on  p.  227.  Here  the  several  courses  have  been  multiplied  by 
the  various  degrees  of  difficulty  in  the  chaining.  Thus,  the  first 
and  second  courses  were  along  the  public  highway  and  on  even 
ground.  These  are  taken  as  the  standard  and  given  the  weight 
unity.  The  third  course  is  on  very  uneven  ground  and  is  judged 
to  give  rise  to  about  three  times  the  error  of  courses  one  and  two 
per  unit's  distance.  It  is  therefore  weighted  three.  The  proper 
weight  to  give  to  the  several  courses  is  thus  seen  to  depend  on 
the  character  of  the  obstructions  to  accurate  work,  and  represents 
simply  the  judgment  of  the  surveyor  as  to  the  probable  relation 
of  these  sources  of  error.  The  short  course  FG  was  very  difficult 
to  measure,  as  there  were  precipitous  bluflFs,  and  the  course  GH 
was  also  on  very  uneven  ground. 

Following  the  colunm  of  multipliers  in  the  tabular  reduction 
are  the  multiplied  distances,  the  errors  of  latitude  and  depart- 
ure are  distributed  according  to  the  results  in  this  colunm  by 
Rule  2,  Art.  192.  This  survey  was  also  made  with  a  needle 
compass  and  chain. 

In  the  following  example  the  transit  was  used,  and  the  survey 
began  at  A.  The  azimuth  of  the  line  AB  (Fig.  loi)  was  found 
by  a  solar  attachment,  and  then  the  other  coiu^es  ran  as  a  traverse, 
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the  horizontal  limb  of  the  transit  being  oriented  by  the  back 
azimuth  of  the  last  course.  The  aziniuths  of  the  courses  are 
ail  referred  to  the  south  point  as  zero,  and  increase  in  the  direc- 
ti(m  SWNE.  After  the  last  course  FA  was  run,  the  instrument 
was  carried  to  A  and  oriented  by  a  back  sight  on  F  and  the  azimuth 
ol  AB  again  determined.  This  agreed  so  well  with  the  original 
azimuth  of  this  course  that  the  azimuths  of  all  the  courses  were 
proved  to  be  correct.^ 


Fig.  ioi.* 


The  error  of  closure  is  therefore  due  to  the  chaining  alone. 
A  loo-foot  chain  was  used  so  that  the  distances  are  all  given  in 
feet.  The  obstructions  to  chaining  were  about  uniform,  so  the 
courses  are  all  given  equal  weight.     In  balancing,  Rule  3  must 


*  The  lines  MB  and  OO'  in  this  figure  are  used  in  Art.  208. 

'  From  the  azimuth  check  here  obtained,  as  compared  to  the  errors  in  lati- 
tude and  departure,  decide  whether  the  latter  are  due  mostly  to  the  chaining 
or  whether  the  errors  ih  azimuth  have  had  an  equal  influence,  and  so  determine 
whether  to  use  rule  i  or  rule  3  in  balancing. 
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be  used,  since  the  errors  axe  supposed  to  come  only  from  the 
chaining. 

If  the  errors  in  latitude  and  departure  had  been  distributed 
by  Rule  i,  or  in  proportion  to  the  lengths  of  the  courses,  the 
resulting  area  would  have  been  56.41  acres,  a  difference  of  0.07 
acres,  or  about  one  eight-hundredth  of  the  total  area. 

197.  Area  Correction  Due  to  Erroneous  Length  of  Chain. 
If  the  measuring  unit  has  not  the  length  assigned  to  it  in  the 
computation,  then  the  computed  area  will  be  erroneous.  Such 
an  error  will  not  show  in  the  balancing  of  the  work  or  elsewhere, 
and  hence  an  independent  correction  must  be.  applied  for  this 
error.  If  the  chain  was  too  long  by  one  one-thousandth  part 
of  its  length,  for  instance,  then  all  the  courses  are  too  short  in 
the  same  ratio.  And  since  similar  plane  figures  are  to  each  other 
as  the  squares  of  their  like  parts,  we  would  have: 

true  area  :  computed  area  : :  (looi)^  :  (1000)2, 
or  true  area-=  \m  computed  area  (nearly);  ^ 

or,  in  general,  if  /  =  length  of  chain  and  J/ =  error  in  length, 
being  positive  for  chain  long  and  negative  for  chain  short,  and 
if  Jl  is  small  as  compared  with  /,  as  it  always  is  in  this  case, 
then  if  we  let: 

A  =  true  area,        A'  =  computed  area, 
Cx  =  correction  to  computed  area, 
and  J  =  relative  error  of  chain, 

we  have 

/  +  2J/ 
^  =  — -— /l'  =  (i+2J)^'; 


whence, 


A-A'  =  C.i  =  2JA'. 


*  The  error  in  this  approximation  is  one  one-millionth  irf  this  case,  and  would 
always  be  inconsiderable  in  this  class  of  problems. 
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That  is  to  say,  the  relative  area  correctwn  due  to  erroneous  length 
of  chain  is  twice  the  relative  error  of  the  chain,  being  positive  for 
chain  long,  and  negative  for  chain  short, 

• 

Finding  the  Area  or  Superficial  Contents  of  Land  when 
THE  Rectangular  Co-ordinates  of  the  Corners  are 
Given  with  Respect  to  any  Point  as  an  Origin 

198.  Conditions  of  Application  of  tiiis  Metiiod.  Where 
many  tracts  of  land,  all  bounded  by  straight  lines,  are  somewhat 
confusedly  intermingled,  as  is  the  case  in  many  of  the  older  States, 
and  where  the  area  of  each  tract  over  an  extended  territory  is  to 
be  found,  this  method  is  greatly  to  be  preferred  to  that  by  means 
of  the  boundary  lines.  In  this  case  it  is  only  necessary  to  n^ke 
a  general  co-ordinate  survey  of  the  whole  territory,  as  described 
in  Chapter  VIII.,  on  Topographical  Surveying,  using  the  stadia 
for  obtaining  distances,  and  being  careful  to  locate  every  comer 
of  each  tract.  If  areas  alone  are  required,  no  attention  need  be 
paid  to  the  obtaining  of  elevations  for  contour  lines,  and  so  the 
work  is  greatly  facilitated.  A  transit  and  two  or  three  stadia 
rods  would  be  the  instruments  used.  The  survey  would  then 
be  carefully  plotted  and  the  co-ordinates  measured  on  the  sheet, 
or  they  could  be  computed  from  the  field  notes.  If  the  plotting 
is  carefully  done  the  former  method  is  preferable.  It  is  best  to 
choose  the  origin  of  co-ordinates  entirely  outside  the  tract  and 
so  that  the  whole  area  falls  in  one  quadrant,  thus  making  all  the 
co-ordinates  of  one  sign. 

Large  tracts  of  mineral  land  are  sometimes  acquired  by  large 
companies,  including  perhaps  hundreds  of  individual  estates. 
In  such  cases  a  topographical  map  of  the  region  is  necessary; 
and  when  this  survey  is  made,  a  little  extra  care  to  obtain  all  the 
**  corners  "  of  private  claims  will  enable  the  areas  of  all  such 
lots  to  be  determined  with  great  accuracy  and  at  small  additional 
cost.  The  method  probably  has  no  advantages  when  the  area 
of  but  a  single  tract  is  desired. 
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199.  The  Method  of  Finding  the  Area  from  the  Rectan- 
gular Co-ordinates  of  the  Comers  is  as  follows: 

Let  Fig.  102  be  the  same  tract  as  that  given  in  Fig.  100,  and 
let  the  origin  be  one  chain  west  of  A  and  three  chains  south  of 
B.  Then,  from  the  balanced  latitudes  and  departures  for  this 
case,  given  on  p»  234,  we  find  the  following  co-ordinates  of  the 


Fig.  102. 

comers  ya,  y^,  etc.,  denoting  the  latitudes  of  the  comers  A,  B, 
etc.,  and  similarly  with  Xa,  Xb,  etc.,  for  departures: 

ya=5'5^y      yb-^3'OOy      yc=7-7i>        >'d=  12.33,       Ve^-gM- 

Xa=i.oo,         Xb=^'j^6iy        Xc^ii.2i,        x^^y.^Oy  :v^  =  3.48. 

The  area  of  the  figure  ABCDE  is  equal  to  the  areas: 

ybBCyc-\-ycCDya-{y,EDy^-\-yaAEy^-{-yuBAya\; ' 
or 

^  =  HCVe -yt)  (Xb-{-x,)  +  iy^ -yc)  {Xc-Vx^  - (y^ -y,)  {x^^x^ 

-  CVc  -ya)   {Xe^Xa)  -ya  -yh)   {Xa^Xb)\        (l) 

*  Here  yt,  ycy  etc.,  are  used  to  designate  points  and  not  ordinates.     In  the 
foliowing  equations  they  are  ordinates. 
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By  developing  Eq.  (i)  we  obtain: 

+ydxc-ydx,-^y^d-y^ap  (2) 
From  this  we  may  obtain  either  of  the  following: 

or 

4  =  -i  [xaiy^  -yb)  -^Xbiya  -ye)  +Xc(yb  -y^ 

From  these  equations  we  may  obtain  the  following: 


Rule  for  Fiiidii?6  the  Area  of  a  Closed  Figure  Bounded 
BY  Straight  Lines  from  the  Rectangular  Co-ordinates 
OF  THE  Corners 


.    .    (3) 


Multiply  the 
tween  the 


J.    ,  \  to  each  corner  by  the  difference  be- 
ordtnate  J  "^  -^ 

,     .        \  of  the  two  adjacent  corners,  always  making 
ahsctsscB  j  •'  »  ^  & 

the  subtraction  in  the  same  direction  around  the  figure,  and  take 
half  the  sum  of  the  products. 

The  student  will  observe  that  this  is  simply  a  more  general 
case  of  the  former  method  of  computing  th^  area  from  the  lati- 
tudes and  double-meridian  distances. 

•■^^^^—         —      .  -  -  -  ^.^.—  .  .  —  —  —    —  I  _ - 

*  If  these  co-ordinates  be  arranged  thus: 

then  in  accordance  with  formula  (2),  the  area  is  equal  to  the  sum  of  the  products 
of  the  quantities  joined  by  the  broken  lines  minus  the  sum  of  the  products  of  the 
quantities  joined  by  the  full  lines. 
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200.  The  Form  of  Reduction  for  this  case  is  given  below: 


Comer. 

Ordinates 

(y). 

Abscissae 

Difference 
between  Alter- 
nate Abscissee. 

.    Double  Areas. 

A 

B 
C 
D 
E 

5-52 
3.00 

7-71 

12.33 

9.84 

I.OO 

7.61 

II. 21 
7.40 
3-48 

-  4-13 

—  10.21 

+        .21 

+  7-73 
+  6.40 

—  22.80 

-30-63 
+    1.62 

+  95-31 
+  62.98 

Plus  areas— 159.91 
Minus  areas==  53-43 


2)106.48 

Area—  53'.24  sq.chns. 
-     5.324  acres. 


This  is  the  same  result  as  found  on  p.  234,  by  the  other  method, 
as  it  should  be,  since  the  same  balanced  latitudes  and  departures 
were  used  in  each  case. 

It  is  also  evident  that  after  the  balanced  latitudes  and  departures 
are  obtained  for  the  ordinary  perimeter  survey,  the  area  may  be 
computed  by  this  form — from  Eq.  (3),  p.  246,  if  preferred.  Or, 
if  the  co-ordinates  of  the  corners  are  taken  at  once  from  a  map, 
or  computed  from  traverse  lines,  the  bearings  and  lengths  of  the 
courses  joining  such  comers  could  readily  be  computed.    Thus, 

the  length  of  any  course,  as  5C,  is  BC^V (Xc-'XiY-{-{yc—yh)^'^, 

while  its  bearing  is  the  arc  whose  tan  is  -^ . 

Jc-yh 

201.  Supplying   Missing    or   Erroneous   Data.     In    any 

closed  survey  there  are  two  geometric  conditions  that  must  be 
fulfilled,  viz.: 

1.  The  sum  of  all  the  latitudes  must  be  zero. 

2.  The  sum  of  all  the  departures  must  be  zero. 

These  two  conditions  give  rise  to  two  corresponding  equations. 
If  /i,  /2,  hj  etc.,  be  the  lengths  of  the  several  courses,  and  if 
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Ou  ^2,  ^3,  etc.,  be  their  compass  bearings,  then  our  two  geometric 
conditions  give: 

l\  sin  ^1+^2  sin  ^24-/3  sin  ^3+etc.,=o.        .     .      Ci^ 

/i  cos  51+/2COS  ^24-/3  cos  ^3  4-etc.,=o.        .     .      (2) 

Since  we  have  two  independent  equations,  we  can  solve  for 
two   unknown   quantities.     These   two  unknowns  may   be   any 
two  of  the  functions  entering  in  the  above  equations.     Thus, 
if  any  two  distances,  any  two  bearings,  or  any  one  distance  and 
any  one  bearing  are  missing,  they  may  be  found  from  these 
equations.     Or,  if  but  one  bearing  or  distance  is  missing,    it 
may  be  found  from  one  of  these  equations  and  the  other  equation 
used  for  balancing  either  the  latitudes  or  departures.     When 
all  bearings  and  distances  are  given,  these  equations  are  really 
used  in  balancing;  but  if  they  are  both  used  to  determine  missing 
quantities,  there  can  be  no  balancing  of  errors,  for  when  the 
missing  quantities  are  computed  by  these  equations,  both  lati- 
tudes and  departures  will  exactly  balance.     In  other  words,  all 
the  errors  of  the  survey  are  thus  thrown  into  these  two  quantities. 

This  artifice  should  therefore  never  be  resorted  to  except 
where  it  is  impracticable  to  actually  measure  the  quantities  them- 
selves in  the  field. 

There  are  four  cases  to  be  solved: 

I.  Where  the  bearing  and  length  of  one  course  are  unknown. 

II.  Where  the  bearing  of  one  course  and  length  of  another 
are  unknown. 

III.  Where  two  bearings  are  unknown. 

IV.  Where  two  lengths  are  unknown. 

The  bearings  will  be  reckoned  from  both  north  and  south 
points  around  to  the  east  and  west  points,  as  is  common  in  com- 
pass surveying.  Then  the  length  of  a  course  into  the  sin  of  its 
bearing  gives  its  departure,  and  into  the  cos  of  its  bearing  gives 
its  latitude.  North  latitude  is  plus  and  south  latitude  minus; 
east  departure  plus  and  west  departure  minus. 
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In  every  case  let  the  sum  of  the  departures  of  all  known 
courses,  taken  with  the  opposite  sign,  be  Z>,  and  the  sum  of  their 
latitudes,  taken  with  the  opposite  sign,  be  L,  Then  D  and  L 
are  the  departure  and  latitude  necessary  to  close  the  survey. 

Case  I.    Bearing  and  length  of  one  course  unknown. 

The  two  condition  equations  here  become: 


/„sin  Om  =  D; 

Im  cos  dfn  =  L. 


(3) 


Whence, 


tSinO^  =  -- (4) 


Having  found  the  bearing,  find  /,„  from  either  of  Eqs.  (3). 
Particular  attention  must  always  be  paid  to  the  signs  of  D  and 
L.  Evidently  sin  Om  (dep.)  and  cos  0m  (lat.)  have  the  same 
signs  as  D  and  L  respectively,  whence  the  quadrant  which 
mcludes  the  bearing  may  be  determined  and  the  proper  letters 
applied.    For  this  purpose  Fig.  94  may  be  consulted. 

Case  II.  The  bearing  of  one  course  and  the  length  of  another 
unknown. 

In  this  case  let  a  be  the  known  bearing  of  the  course  whose 
length  is  unknown,  ^nd  let  /  be  the  known  length  of  the  course 
whose  bearing  is  unknown.    Then  we  have: 


/m  sin  a-h/ sin /!?^  =  Z>; 
Ifn  cos  a+/ cos  O^^L. 

If  we  let  sin«=5,  and  cos  a=c,  we  have: 


(5) 


U^sD+cL±\/l^-'{D^-\-L^)  +  {sD-\-cL)^.      .     .     (6) 

Here  there  are  two  values  of  Im  which  will  satisfy  the  equation, 
and  so  there  are  two  solutions  to  the  problem.  If  the  surveyor 
has  no  knowledge  whatever  of  either  the  unknown  length  or 
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bearing,  the  problem  is  indeterminate.  If  he  has  seen  the  tract 
he  could  usually  tell  which  length  or  which  resulting  bearing  was 
the  correct  one,  when  the  problem  would  become  determinate. 
When  Im  is  found,  substitute  in  one  of  equations  (5)  and  find  d„. 
Pay  careful  attention  to  the  signs  of  the  trigonometrical  functions 
of  all  bearings.  When  the  two  unknown  courses  are  nearly  at 
right  angles  with  each  other  the  problem  is  impracticable. 

The  following  trigonometric  method  of  solving  the  above 
problem  will  be  preferred  by  many  because  of  its  simplicity. 

If  the  two  unknown  sides  are  not  adjacent,  make  them  adja- 
cent, after  which  the  length  and  bearing  of  the  line  which  will 
close  the  circuit,  leaving  out  the  unknown  sides,  can  be  computed 
by  Case  I.  This  closing  line  and  the  two  unknown  sides  form  a 
triangle,  one  angle  and  two  sides  of  which  are  known.  The 
remaining  side  and  angles  can  now  be  computed. 

Case  III.    When  two  bearings  are  unkmnvn. 

Let  /'  and  /''  be  the  known  lengths  of  the  courses  whose 
bearings  are  unknown.    Then  the  equations  become: 


/'sin  »«+rsm  »,=/>; 

/' cos /?«+/"  cos  <9=i:.    ' W 


Whence, 


Where, 


cos^n= D^:iT^ ^'     ....     (8) 


A  = 


2/'' 


The  trigonometric  solution  as  explained  under  Case  II  can 
be  used  here  also  and  will  be  found  to  require  less  computation. 

Both  Case  II  and  Case  III  are  indeterminate  unless  the  area 
is  known  or  unless  enough  is  known  of  the  field  to  show  which 
of  the  two  angles  that  correspond  to  a  given  sine  or  cosine  is  the 
correct  one.  Case  III  is  indeterminate  if  the  unknown  sides  are 
parallel. 
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Case  IV.  When  the  lengtlis  of  two  courses  are  unknown. 
Besides  the  algebraic  solution,  this  case  may  be  solved  in  the 
same  way  as  Case  II,  by  moving  the  two  unknown  sides  until 
adjacent,  and  computing  the  length  and  bearing  of  the  closing 
side  of  the  field.  This  closing  side,  with  the  two  unknown  sides, 
will  form  ^  triangle  all  of  whose  angles  and  one  side  of  which  are 
known.    The  two  remaining  sides  can  be  then  computed. 

The  following  method  may  also  be  used  here  as  well  as  in 
Case  II  and  III. 

Consider  the  field  to  be  revolved  in  azimuth  so  as  to  make 
one  of  the  sides,  whose  length  is  unknown,  the  meridian,  and 
change  all  the  other  bearings  accordingly.  If  the  latitudes  and 
departures  be  now  computed,  the  S  departures,  with  the  oppo- 
site sign,  will  be  the  departure  of  second  unknown  side.  Knowing 
the  b^iring  and  departure  of  this  side,  its  length  and  latitude  are 
easily  computed.  The  length  of  the  remaining  side  is  equal 
to  the  sum  of  the  known  latitudes  with  the  opposite  sign. 

Unless  the  area  is  known,  this  case  is  indeterminate  where  the 
unknown  sides  are  parallel. 

202.  To  Relocate  an  Old  Traverse  when  Two  of  Its 
Comers  can  be  Identified.  Case  I,  where  the  known  comers 
are  adjacent 

This  is  discussed  in  Arts.  32  and  149. 
Case  II,.  where  the  known  comers  are  separated  by  two  or 
more  unidentified  courses.  Such  a  problem  frequently  arises 
when  the  surveyor  is  required  to  retrace  the  lines  of  angling  roads 
or  to  retrace  the  boundaries  of  irregular  tracts.  In  such  cases 
the  two  chief  sources  of  uncertainty  concern  the  actual  meridian 
and  the  true  length  of  the  chain  used  by  the  original  surveyor. 
To  determine  both  unknowns,  the  surveyor  should  assume  a 
meridian,  as  close  as  possible  to  the  one  used  in  the  original 
survey,  and  starting  at  a  known  comer,  will  then  mark  on  the 
groimd  a  random  traverse,  using  the  bearings  and  distances  taken 
from  the  original  field  notes  and  continuing  imtil  the  second 
known  comer  is  reached. 


252 


SURVEYING 


If  in  the  rare  case  the  random  line  should  happen  to  come  out 
at  this  second  known  comer,  it  would  of  course  show  that  the 
assumed  meridian  and  the  chain  used  in  the  resurvey  were  the 
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same  as  those  used  on  the  original  survey.  In  such  a  case  the 
random  line  and  the  true  line  coincide.  Usually  the  last  comer 
of  the  random  will  not  agree  with  the  actual  known  comer.     In 
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such  case  if  the  length  and  bearing  of  the  closing  line  to  such 
comer  be  observed,  the  true  positions  of  all  intermediate  comers 
can  be  computed  by  the  following  method. 

Let  AB'CD'E'F'GG  in  Fig.  103  represent  the  random  line 
on  assumed  meridian  (see  Table  I),  and  ABCDEFGH  the  true 
original  traverse  of  which  only  A  and  H  can  now  be  found. 
The  closing  line  H'H  is  observed  to  be  N.  82°  32',  E.  63  feet. 
Draw  AH'  and  AH  and  produce  the  latter  beyond  H, 

Also  with  -4  as  a  centre  and  i4i?  as  a  radius  describe  an  arc 

intersecting  AH'  at  iJ".     It  is  evident  that  if  the  random  line 

erred  in  direction  only,  then  the  point  if'  would  lie  in  the  arc, 

while  if  the  discrepancy  (H'H)  were  due  to  the  chain  only,  then 

ff'  would  lie  in  i4 if  or  AH  produced.    This  shows   that  the 

position  of  H'  with  reference  to  the  arc  and  the  diagonal  line 

AH  will  determine  the  kind  of  correction  as  well  as  the  direction 

AH 
in  which  it  Is  to  be  applied.     Thus  77^7,  gives  the  length  of  the 

original  chain  in  terms  of  the  resurvey  chain,  while  the  distance 
ff ff "  measures  the  twist  or  error  in  azimuth  of  the  random  line. 


Table  I 

SHOWING  RANDOM,  RUN  ON  ASSUMED  MERIDIAN  FOLLOWING 

ORIGINAL   NOTES 


Course. 

• 

Bearing. 

Distance, 
Feet. 

Latitude. 
Northing. 

Departure. 

Total 
Latitude. 

Total 

Easting 

Westing. 

Depart- 
ure. 

AB' 
B'C 
CD' 
D'E' 
F/F' 
F'G' 
G'H' 

N.39''3o'K. 
N.  24    15   E. 

N.    9   45   E- 
N.    4  0     W. 
N.    9   15  W. 
N.  31    20  E. 
North 

2073.06 
491.04 

834.9 
891.0 

948.42 
2132.50 
1881.0 

i599-<^ 

447.7 
822.8 

888.8 

936.1 
1821.5 
1881.0 

1318.6 
201.7 
141. 4 

II08.9 

62.2 
152.4 

1599.6 

2047.3 
2870.1 

3759-9 
4695 .0 

6516.5 
8397.5 

1318.6 

1520.3 
1661.7 

1599-5 
1447. I 
2556.0 
2556.0 

(Note.     Calculations  in  this  article  arc  to  nearest  tenths,  by  Geo.  L.  Teeple.) 
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From  Fig.  103  and  Table  I  it  will  be  seen  that  the  Bearing 

fl'"fl''  =  tan-i  — ^^— =  N.  16°  56'  E.,  while  the  bearing  of  H'H 

8397.5 
is  observed  =N.  82°  32'  E.    Hence  the  angle: 

iI"iJ'iJ= 65°  36'. 

iJ£r"  =  63  ft.  sm  65°  36' =  57.4  feet. 
^'21''  =  63  ft.  cos  65°  36' =  26.0  feet. 
2liJ'=\/(S  Lat.  of  Random)2  +  (2  Departure  Random)2. 

=^(8397.5)'  +  (255M^  =  8777-9  feet 
AH=AH'-\-H'H'' 

=8777.9  +  26.0=8803.9. 

,  V  T.    .       .   Original  chain    8803.9  .      t.       •       u 

(i)  Ratio   of   =7-^ =«r — ^^-^=1.00290,   that   is,  the 

Resurvey  tape    8777.9 

original  loo-foot  chain  was  o.'296  too  long. 

(2)  Error  in  the  assumed  meridian  =  tan "^  -|A^ — =0°  22J'. 

8803.9 

From  the  figure  it  will  be  seen  that  22  J'  is  to  be  added  to  the 
random  meridian,  i.e.,  it  is  to  be  swung  clockwise. 

To  correct  the  comers  set  on  the  random  line  to  then-  true 
position,  we  refer  the  corrected  line  to  the  random  line  by  adding 
the  22^'  error  in  azimuth.  This  gives  us  the  new  bearings  in 
Table  II.  Also  we  multiply  each  of  the  original  distances  by 
the  ratio,  1.00296,  and  thereby  derive  the  true  distances  in  terms 
of  the  resurvey  tape.  These  distances  are  put  in  Table  II.  We 
maj^  now  compute  the  new  latitude  and  departure  as  well  as  the 
total  latitude  and  departure  of  each  comer  on  the  true  traverse. 

The  difference  between  the  total  latitude  and  departure  of  any 
comer  on  the  random  from  Table  I,  and  the  total  latitude  and 
total  departure  of  the  corresponding  comer  on  the  true  line  from 
Table  II,  when  applied  to  the  comers  on  the  random  line  will 
give  the  field  locations  for  the  true  comers,  that  is,  the  corrections 
to  the  random  comers. 
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Table  II 

COORDINATES  OF  THE  CORNERS  OF  THE  TRUE  LINE 


Bearing. 

Distance, 
Feet. 

Latitude. 

Departure. 

Total 
Latitude. 

Total 
Depart- 
ure. 

Conr«. 

Northing. 

Easting.     Westing. 

AB 
BC 
CD 
DE 
EF 
FG 
GH 

N.39''52i'E. 
N.  24  374  E. 
N.  10  o7i  E. 

N.    3  374  W. 
N.    8  52i  W. 
N.  31   424  E. 
N.    0   22J  E. 

2079.2 

492.5 
837.4 
893.6 

951.2 
2138.8 
1886.6 

1595-7 
447.7 
824.3 
891.9 

939-8 
1819.5 
1886.6 

1333.0 
205.2 

147.2 

II24.2 
12.4 

56.5 
146.7 

1595-7 
2043.4 

2867 . 7 

5759.6 
4699.4 

6518.9 
8405.5 

1333.0 
1538.2 
1685.4 
1628.9 
1482.2 
2606.4 
2618.8 

Table  III  has  been  prepared  in  a  manner  to  show  the  cor- 
rections to  each  random  comer.  Thus  comer  Z>',  when  moved 
23.7  feet  east  and  2  feet  south  of  D'  will  give  the  original  point  Z>, 
as  located  in  the  original  survey. 


Table  III 

GIVING   THE  CORRECTIONS  TO   THE   RANDOM   CORNERS   FOR 

THE  TRUE  CORNERS 


Total 

Easting 
Original 

Correction 

Total 

Northing 
Original 

Correction 

Course. 

Random 

to  Random 

Random 

to  Random 

Survey. 

Survey. 

Comer. 

Survey. 

Survey. 

Survey. 

B 

1318.6 

1333.0 

E.  14.4 

1599.6 

1595-7 

S.  3.9 

C 

1520.3 

1538.2 

E.  17.9 

2047.3 

2043.4 

S.3.9 

D 

1661.7 

1685.4 

E.  23.7 

2870.1 

2867.7 

S.  2.4 

E 

1599.5 

1628.9 

E.  29.4 

3759.9 

3759-6 

S.  0.3 

F 

1447. ^ 

1482.2 

E.  35.1 

4695.0 

4699.4 

N.  4.4 

G 

2556.0 

2606.4 

E.  50.4 

6516.5 

6518.9 

N.  2.4 

H 

2556.0 

2618.8 

E.  62.8 

8397.5 

8405.5 

N.  8.0 

Note.  The  differences  in  the  corrections  in  Table  III  at  the  end  of  Course  7 
(E.  62.8  and  N.  8.0)  and  the  actual  corrections  observed  at  that  point  (E.  62.5 
and  N.  8.2)  represent  the  accumulated  mathematical  errors  due  to  use  of  tables 
and  dropping  all  figures  less  than  -j^  foot. 
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Plotting  the  Field  Notes 

203.  To  Plot  a  Compass  Survey  select  a  point  for  the  initial 
station,  and  pass  a  meridian  through  it  in  pencil.     By  means 
of  a  semicircular  protractor,  such  as  is  shown  in  Fig.  72,  mark 
the  bearing  and  draw  an  indefinite  line  from  the  station  point- 
On  this  line  lay  off  to  scale  the  length  of  the  course,  thus  estab- 
lishing  the   next   comer.    Through   this   draw   another   pencil 
meridian,  and  proceed  as  before.     If  the  plotting  is  perfect  the 
length  of  the  line  joining  the  final  with  the  initial  point,  taken  to 
scale,  is  the  error  of  closure  of  the  survey;   and  the  horizontal 
and  vertical  components  of  this  line,  taken  to  scale,  should  be 
the  errors  in  departure  and  latitude  respectively  as  obtained  by 
the  computation. 

If  preferred,  the  bearings  of  the  successive  courses  may  be 
so  combined  as  to  give  the  deflection  angle  at  each  station,  and 
these  laid  off  from  the  preceding  course  as  aheady  drawn.  Errors 
are  more  likely  to  accumulate  in  the  plot  by  this  method,  how- 
ever, than  by  that  first  given. 

Again,  the  rectangular  co-ordinates  of  the  several  comers 
may  be  computed  and  these  plotted  from  a  pair  of  rectangular 
axes,  but  this  is  not  a  common  practice. 

For  the  plotting  of  transit  surveys,  especially  where  the  stadia 
is  used,  see  Chapter  VIII. 

The  Areas  of  Figures  Bounded  by  Curved  or  Irregular 

Lines 

204.  The    Method    by    Offsets    at    Irregular    Intervals. 

WTiere  a  tract  of  land  is  bounded  by  a  body  of  water,  as  a  stream 
or  lake,  it  is  customary  to  run  straight  lines  as  near  the  boundary 
as  practicable  and  then  to  take  rectangular  offsets  at  selected 
intervals  from  these  bordering  lines  to  the  irregular  boundary. 
These  small  areas  are  then  computed  as  trapezoids,  the  distance 
along  the  base  line  being  the  altitude  and  the  half  sum  of  the 


^ 
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adjacent  offsets  being  the  mean  width.  The  offsets  should  there- 
fore be  run  at  such  intervals  as  to  make  this  method  of  compu- 
tation suflSciently  accurate.  Such  offsets  were  taken  from  the 
course  GH  in  Fig.  99,  the  notes  of  which  are  given  on  p.  227. 

The  work  of  computation  may  be  shortened  by  using  a  modi- 
fied form  of  the  method  of  areas  from  the  rectangular  co-ordinates 
of  the  comers,  which,  in  this  case,  are  the  ends  of  the  offset  lines. 
Let  Fig.  104  be  an  area  to  be  determined  from  the  offsets  from 


Fig.  104. 

the  line  AK.  The  position  and  length  of  the  offsets  are  given. 
Take  the  origin  at  A  and  let  the  distances  along  AK  be  the  abscissae, 
and  the  lengths  of  the  offsets  be  the  ordinates.  Using  the  second 
of  equations  (3),  p.  246,  we  have: 


yb)+Xb{ya- 

-yc)+x 

ciyb  - 

-y^) 

.+Xd{yc- 

-ye)+^ 

\(yd  ■ 

-yf) 

+xyiy,- 

-yg)+x 

o(yf- 

-yn) 

+x 

niytt- 

-Vk)  +■* 

■kiyh 

-ya)l    (I) 

But  here  x^,  x^,  j^,  and  Vj^  ^^^  ^'1  zero;    also  Xf^^Xf^j  hence  this 
equation  becomes: 

■^"^-H^ciyb-yd)  -^^diyc-ye)  +^e(yd-yf) 

+^f(yr-yg)-^Xo(y/-yh)+Myo'^yh)l   (2) 

From  Eq.  (2)  we  have  the 

*  The  plus  sign  is  here  used,  since  we  have  gone  around  the  figure  in  a  direc- 
tion opposite  to  that  followed  in  the  general  case. 
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Rule  for  Finding  Areas  from  Rectangular  Offsets  at 

Irregular  Intervals 

Multiply  the  distance  along  the  course  of  each  intermediate 
offset  from  the  first  by  the  difference  between  the  two  adjacent 
offsets y  always  subtracting  the  following  from  the  preceding.  Also 
multiply  the  distance  of  the  last  offset  from  the  first  by  the  sum 
of  the  last  two  offsets.    Divide  the  sum  of  these  products  by  two. 

The  following  is  the  numerical  reduction  for  finding  the 
area  of  the  irregular  tract  shown  in  Fig.  102. 


Offset. 

Distance 
from  A. 

Length  of 
Offset. 

Differences. 

Products. 

Ch. 

Ch. 

Ch. 

B 

0.00 

1-53 

C 

I.  21 

1.76 

-0.47 

-   0-57 

D 

2.23 

2.00 

-    .56 

-    1.25 

E 

3-56 

2.32 

+    .09 

-H     .32 

F 

5 -04 

1. 91 

-h    .87 

+  4.38 

G 

5-75 

1-45 

+    .91 

+  5.23 

H 

7.00 

1. 00 

+  2.45 

+  17.15 

2)2^.26 


Area  =  1 2 .  63  sq.chains. 
=  1. 263  acres. 


It  is  evident  that  an  area  bounded  on  all  sides  by  irregular 
or  curved  lines  could  have  a  base  line  run  through  it,  and  offsets 
taken  from  this  line  to  both  boundaries  and  the  area  computed 
by  this  method.     Example  10,  p.  269,  should  be  so  computed. 

205.  The  Method  by  Offsets  at  Regular  Intervals.  If 
the  intervals  between  the  offsets,  or  ordinates,  are  all  equal  the 
computation  is  much  simplified.  On  the  assumption  that  the 
area  is  a  series  of  trapezoids,  we  have  the 
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RiTLE  FOR  Finding  the  Area  from  Rectangular  Offsets  at 

Regular  Intervals 

Add  together  dU  the  intermediate  offsets  and  one-half  the  end 
offsets,  and  multiply  the  sum  by  the  constant  interval  between 
them. 

The  following  rules  for  finding  areas  are  found  from  the  suc- 
cessive orders  of  differences  in  each  case  and  may  all  be  derived 
by  a  rigid  development.^  They  assume  that  the  bounding  line 
is  curved  and  that  rectangular  ordinates  have  been  measured 
at  uniform  intervals  from  a  base  line  traversing  the  figure. 

Let  the  common  interval  between  ordinates  be  d;  let  the 
lengths  of  the  ordjnates  be  Ao,  Ai,  A2  . . . .  h^;  and  let  the  number 
of  intervals  be  N. 

d 
I.  iV=i,  A=-{ho+hi),  Trapezoidal  Rule. 

2 

II.  iV=2,  -4=— (A0+4A1+A2),  Simpson's  ^  Rule. 

3 

7d 

III.  iV=3,  i4=— (A0+3A1+3A2+A3),  Simpson's  f  Rule. 

o 
2rf, 

J\\  N  =  4,  A=--{y{ho+h4)+32{hi+hs)  +  i2h2l 

45 

2d 

V.  N=6,  i4=— [Ao  +  A2+A4  +  A6  +  5(Ai+A3  +  A6)+M 

10  ^  /         J 

This  is  called  Weddel's  Rule.     If  a  quadrant  be  computed  by 

this  rule,  the  result  is  cjjgr^  instead  of  o.785f2,  the  true  value. 

If  an  area,  bounded  by  a  base  line  and  two  end  ordinates, 

be  divided  by  imaginary  Knes  parallel  to  the  end  ordinates  and 

*  See  Appendix  C. 
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equally  spaced,  as  in  Fig.  105,  and  if  the  middle  ordinates  of  these 
partial  areas  be  measured,  then  if  (/  =  common  width  of  the  partial 
areas  and  h\,  A2,  A3,  etc.,  their  middle  ordinates,  a  the  first  end 
ordinate,  and  b  the  last  one,  we  have,  approximately: 

I.  A=d^hy 

where  2A  signifies  the  summation  of  all  the  A's. 


Fig.  105. 

The  following  rules  are,  however,  more  accurate: 

d 
II.  ^=rfi:Af  —  (a-/ti+6-AJ,  Poncclet's  Rule: 

12 

or, 

d 
III.  ^=t/v/r-f— (8a +  A2-9A1+ 86  + A__i -9A J,  Francke's  Rule. 

72 

The  various  rules  above  given  are  often  used  to  determine 
areas  of  irregular  figures  such  as  steam  diagrams,  cross-sections 
of  structural  forms,  streams,  excavations,  etc.  The  most  ready 
and  accurate  means  of  determining  all  such  areas,  however,  is 
by  means  of  the  planimeter. 


The  Subdivision  of  Land 

■  206.  The  Problems  arising  in  the  subdivision  of  land  are 
of  almost  infinite  variety.  All  such  problems  are  solved  by  the 
application  of  the  fundamental  principles  and  relations  of  geometry 
and  trigonometry  with  which  the  student  is  supposed  to  be  famil- 
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iai.    There  are,  however,  two  classes  of  problems  of  such  fre- 
quent application  that  they  will  be  given  in  detail. 

207.  To  Cut  Off  from  a  Given  Tract  of  Land  a  Given 
Area  by  a  Right  Line,  Starting  from  a  Given  Point  in  the 
Boundary.  In  Fig.  100,  Art.  187,  let  O  be  the  middle  point  on 
ihe  line  AB,  from  which  a  line  is  to  be  run  in  such  a  manner 
as  to  cut  off  three  acres  from  the  western  portion  of  the  tract. 
We  may  at  once  assume  that  the  dividing  line  will  cut  the  side 
DC  in  some  point  X,  whose  distance  from  Z>  is  to  be  found. 
First  compute  the  area  OAED,  using  the  balanced  latitudes 
and  departures  given  on  p.  234,  we  have  the  following: 


Course. 

Lat. 

Dep. 

D.M.D. 

Double  Areas. 

+ 

— 

AO 

ch. 
—  1.26 

(  +  8-07) 
2.49 
-4.32 

ch. 

+  3-30 
(3.10) 

-3.92 
-2.48 

3-30 
9.70 

8.88 

3.48 

4.16 

00 

78.28 

DE 

22.  II 

EA 

10.71 

(-8.07)      (-3.10) 


sums-f-78.28 

-36.98 


36.98 


2")  1  T  .  -^O 


Area  =  20 .  65  sq.chns. 
=   2.065  acres. 


Here  the  latitude  and  departure  of  the  course  OD  are  such 
as  to  make  the  latitudes  and  departures  balance.  The  area  is 
found  to  be  2.065  acres,  leaving  0.935  acres  to  be  laid  off  from 
OD  by  the  line  OX,    It  remains  now  to  find  the  point  X, 

First  compute  the  length  and  bearing  of  the  line  OD  from 
Case  I,  Art.  201. 

Thus  we  have: 

^    D     -f-3.10 
tan  /9=— =  ~-i  —  =  0.384. 
L     +8.07       '^  ^ 
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Whence  0  =  2i^  from  the  table  of  natural  tangents.    From  the 
table  of  natural  smes,  we  find  sin  21° =0.358. 
Hence  from  Eq.  (3),  p.  249,  we  have: 

/sind=Z>,    or    o.358/=3.io. 
Whence, 

/=8.66  chains. 

The  bearing  is  evidently  N.  21®  E. 

We  now  have  to  find  the  distance  DX  such  that  the  area 
ODX  shall  be  9.35  sq.  chains.  Since  the  area  of  any  triangle 
is  one-half  the  product  of  two  sides  into  the  sine  of  the  included 
angle  (another  way  of  saying  it  is  equal  to  half  the  base  into  the 
altitude),  we  have: 

9-35  =  H8.66xi?X)smOZ>X (i) 

From  the  bearings  of  OD  and  DX  we  find  the  angle  ODX 
to  be  60®  30^  hence  sin  OZ>X= 0.870,  from  which  we  find: 

Z>X=2.48  chains. 

The  length  and  bearing  of  the  line  OX  may  be  computed 
from  its  latitude  and  departure,  the  same  as  was  done  for  the 
line  OD  above,  or  we  may  compute  the  angle  DOX  and  length 
OX  by  solving  the  triangle  DOX,  The  bearing  of  OX  may 
then  be  foimd,  and  the  line  run  from  O.  There  will  then  be 
•  two  checks  on  the  work,  viz. :  the  measured  lengths  of  OX  and 
DX  must  be  equal  to  their  computed  values. 

To  find  the  angle  DOX,  let  the  three  angles  of  the  triangle 
be  Z>,  O,  and  X,  and  the  sides  opposite  these  angles  be  d,  o,  and  jr, 
respectively.    Then  we  have: 

tan  J  (X-0)=^^tan  i  (X-hO). 
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This  equation  gives  the  angle  (X— O),  whence, 

0  =  i  (X  +  O)  -I  (X-0),  andZ  =  J  (Z  +  0)+i  (X-0). 
Also, 

sm  A 
andy 

^^^     ^^sinO 
sm  A 

We  therefore  have  the  following: 

Rule  for  Cutting  off  a  Given  Area  by  a  Line  Starting 
FROM  A  Given  Point  in  the  Boundary 

Haying  first  surveyed  the  tract  and  plotted  the  same,  join 
the  given  point  on  the  plot  with  the  comer  which  will  give  the 
nearest  approximation  to  the  desired  area.  Compute  the  length 
and  bearing  of  this  line,  and  of  the  area  thus  cut  oflF.  Subtract 
this  area  from  the  desired  area,  and  the  remainder  is  the  area 
to  be  cut  off  in  the  form  of  a  triangle,  one  side  of  which  has 
bearing  and  distance  given,  and  another  side  has  its  bearing 
alone  given.  From  these  data  compute  the  lengths  and  bearings 
of  the  other  sides,  one  of  which  is  the  line  sought.  This  line 
may  then  be  run,  and  its  length  measured,  as  well  as  the  length 
of  the  portion  of  the  opposite  boundary  cut  oflF,  for  a  check  on 
the  accuracy  of  the  work. 

208.  To  Cut  Oflf  from  a  Given  Tract  of  Land  a  Given 
Area  by  a  Right  Line  Running  in  a  Given  Direction.  Let 
the  problem  be  to  cut  off  30  acres  from  the  northern  portion 
of  the  tract  shown  in  Fig.  loi,  p.  241,  by  a  line  whose  bearing 
is  N.  So*'  E.,  or  whose  azimuth  is  260.^ 


*  In  this  problem  it  would  have  shortened  the  operation  somewhat  if  the 
meridian  of  the  survey  had  been  taken  parallel  to  the  dividing-line.  The  bearings 
could  have  all  been  changed  to  give  angles  from  this  meridian,  and  original  com- 
putation made  from  these  new  bearings. 
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Pass  a  line  parallel  to  the  required  line  through  the  comer 
nearest  to  the  probable  position  of  the  desired  line.  Let  MB, 
Fig.  95,  be  such  a  line.  Compute  the  lengths  of  the  lines  EM 
and  MB  by  Case  IV,  p.  241. 

From  the  computation,  p.  243,  we  have  the  following: 


Courses. 

Azimuths. 

Lengths. 

Balanced 
Latitudes. 

Balanced 
Departures. 

D.  M.  D.'s 

Double 
Areas. 

BC 
CD 
DE 

205°  39' 

112      12 

55    00 

0  04 
260   00 

1004  ft. 
896 
912 

+  906  ft. 

1-339 
-522 

+    432  ft. 

-  834 

-  750 

2738 

2336 

752 

I 
"53 

+  2,480,628 
+     791,804 
-     392,544 

EM 
MB 

(926) 

•—926 

+  263 

—        I 

+  "53 

—              926 
+      234,059 

(+723)      (-"52) 

Therefore  to  close  requires  Z,=  —  723  and  7?=  +  1 152. 


2)^,113,021 

Area  =-1,556,510 
sq.ft. 
-35-73ac's. 


From  Eq.  (5),  p.  249,  wc  have 


£M- 


D  cos  260°  —L  sin  260° 
sin  259^  56' 


^  (+ii52)(-h.i736)-  (-723)  (  +  .9848) 

+  .9846 


200  +  712 
.9846 


=  926  ft. 


Whence  from  Eq.  (9),  we  have 


MB  = 


Z)-£M  sin  4^ 
sin  260° 

+  IIS2  —  (026)  (—.GOT  i) 

2 — -'—^ ^-1171  ft. 

+  .9848 
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Inserting  these  values  of  the  lengths  of  the  courses  EM  and 
MB,  we  can  compute  the  area  BCDEM.  This  is  found  to  be 
35.73  acres,  or  5.73  acres  too  much.  The  problem  now  is  to 
pass  a  line  north  of  MB  and  parallel  to  it,  so  that  the  area 
included  between  the  parallel  lines  and  the  intercepted  portions 
of  EF  and  BC  shall  be  5.73  acres,  or  249,710  sq.ft.  Let  OO' 
be  such  a  line.  This  Ime  can  be  run  when  either  MO  or  50' 
is  known.  It  is  best,  however,  to  compute  both  these  fiistances, 
using  one  for  a  check.    To  find  these  distances. 

Let  jc= perpendicular  distance  between  the  parallel  lines  MB 
and  00\ 

Let  angle         EMB  =  EOO'  =  d/ 

and  angle  00' B  =  0. 

Then  we  have 


Area  MOO'B  -  MB  -  x  -  ^x^  cot  0  4-  h^^  cot  <f> 

=JiB'X  +  ^x^{cot(l>-cotO).    .     .     .     (i) 

Since  0  and  <}>  are  known  angles,  their  cotangents  are  known 
quantities  in  any  case.     So,  for  simplicity,  let 

(cot«;&-cot^)  =  A:; 
also,  let  the  distance  MB = Z>, 

and  area  MOO'B=-A. 

Then  the  equation  becomes: 

A  =  Dx-^lKx^ (2) 
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2      2D         2  A 


D    7 


2£       D^ 


D     I 


=  ~±-^V2AKi-D^; 


=^^{±V2AKi-D^-D) (3) 


That  sign  of  the  radical  is  to  be  used  which  will  give  a  positive 
value  to  X,  The  other  sign  would  give  the  value  of  x  to  be  used 
in  laying  off  the  given  area  on  the  opposite  side  of  MB,  provided 
the  sides  OM  and  O^B  were  continuous  in  that  direction. 

Using  Eq.  (3)  for  the  problem  in  hand,  we  have 

^  =  79°  56'; 

<^  =  54^2i'; 

A  =  249,710  sq.ft.; 

£>=ii7i  ft.; 

K=o,yiy2  -0.1775=0.5397; 

whence        x= (±^269,537  + 1,371,241  ~ii7i) 

0-5397 

=  203.6  feet. 
We  can  now  find  MO  and  BO'  from 

M0==-^^    and    BO'^-^; 
sm  0  s\vi<f> 

whence  MO  =  206.8  feet    and    BO'  =  250.6  feet. 
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The  length  of  the  line  00'  is 

00' =  MB  ^-x{coi  <f>  -cot  6). 
We  may  therefore  write  the  following 


Rule  for  Cutting  off  a  Given  Area  by  a  Line  Passing  in 

Given  Direction 

Having  first  surveyed  the  tract  and  plotted  the  same,  pass 
a  line  on  the  plot  in  the  required  direction  through  the  comer 
which  will  give  the  nearest  approximation  to  the  desired  area. 
Compute  the  lengths  of  the  two  unknown  courses  bounding 
this  area,  and  then  the  area  itself.  Subtract  this  from  the  given 
area,  and  the  remainder  is  the  area  which  is  to  be  cut  ofiF  by  a 
line  parallel  to  the  first  trial  line.  This  auxiliary  area  will  always 
be  a  trapezoid,  whose  area,  the  length  and  bearing  of  one  of 
the  parallel  sides,  and  the  bearings  of  the  remaining  sides  are 
known.  The  length  of  these  sides  may  then  be  computed,  one 
of  the  end  lengths  laid  off,  and  the  dividing  line  run.  Measure 
the  length  of  this  line  and  also  of  the  other  end  line  for  checks. 


EXAMPLES 

I.  Compute  the  area,  plot  the  survey,  and  determine  error  of  closure  from 
the  following  field-notes: 


Station. 

Bearing. 

Distance., 

A 

S.    46°     F.. 

20.00  ch. 

B 

S.   74i    E. 

30.95 

C 

N.33t   E. 

18.80 

D 

N.  56     W. 

27.60 

E 

W. 

21.25 

F 

S.5ii    W. 

13.80 

Answer  I  Area  =  104.4 ±acres. 

1^  Error  of  closure  =»  i  m  201. 
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This  being  a  comf)ass  survey,  the  errors  in  latitude  and  departure  must  be 
distributed  in  proportion  to  the  lengths  of  the  courses,  regardless  of  their  bear- 
ings, or  according  to  Rule  i,  p.  235.  If  the  errors  in  the  bearings  (or  deflection 
angles)  had  been  very  small  as  compared  with  the  errors  in  measuring  the  distances, 
as  is  the  case  when  the  deflection  angles  are  measured  with  a  transit,  then  Rule  3, 
p.  236,  should  have  been  used. 

2.  Find  the  area  and  error  of  closure  from  the  following  field  notes: 


Station. 

Bearing. 

Distance. . 

A 

E. 

130  rods. 

B 

N.    8°E. 

137 

C 

N.  81    VV. 

186 

D 

S. 

54 

E 

S.  36    W. 

^125 

F 

S.   45    E. 

89 

G 

N.  40   E. 

70 

What  would  be  the  resulting  difference  in  area  from  the  use  of  Rules  i  and  3  ? 

3.  In  Example  i,  suppose  the  length  and  bearing  of  the  first  course  were 
unknown.     Let  these  be  found  as  in  Case  I,  Art.  201. 

4.  Suppose  the  length  of  Course  A  and  bearing  of  B  are  unknown  in  same 
example.     Compute  by  Case  II. 

5.  Let  the  first  two  bearings  be  unknown.     Compute  them  by  Case  III. 

6.  Let  the  lengths  of  the  first  two  courses  be  unknown.  Find  them  by  Case 
IV. 

7.  Let  it  be  required  to  cut  off  twenty-five  acres  from  the  west  end  of  the 
tract  given  in  Example  i  by  a  line  passing  through  a  point  on  the  course  BC  at  a 
distance  of  ten  chains  from  B.  Find  the  length  and  bearing  of  the  division  line 
and  the  other  intersecting  point  on  the  boundary. 

8.  Let  it  be  required  to  divide  the  tract  given  in  Example  i  into  three  equal 
portions  by  north  and  south  lines.  Find  the  length  and  points  of  intersection  of 
such  lines  with  the  boundary  lines. 

9.  Compute  the  co-ordinates  of  the  corners  of  the  tract  given  in  Example  i, 
taken  with  reference  to  a  point  35  chains  directly  south  of  A^  and  then  compute 
the  area  of  the  tract  from  these  co-ordinates  by  the  formula  given  in  Example  i. 
This  area  should,  of  course,  be  the  same  as  that  obtained  by  any  other  method 
where  the  same  balanced  latitudes  and  de[)artures  are  used. 

10.  An  irregular  tract  of  land  has  a  straight  line  run  through  it  and  rectangular 
offsets  taken  to  the  boundary.  Find  the  area  of  the  tract  from  the  following 
notes: 
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Distance. 

Width. 

ch. 

ch. 

o 

2-35 

lO 

8.42 

14 

12.60 

20 

11.38 

25 

10.75 

28 

6.15 

30.50 

0.00 

Is  it  significant  whether  or  not  this  tract  lies  on  both  sides  or  wholly  on  one 
side  of  the  base-line  ? 

II.  Compute  the  area  of  the  tract  of  which  the  following  are  the  field  notes. 
The  rectangular  offsets  are  taken  on  both  sides  of  a  straight  axial  line,  R  signify- 
ing right  and  L  left. 


Distances. 

Side. 

Width  or 

Length  of 

Offset. 

Distances. 

Side. 

Width  or 

Length  of 

Offset. 

ch. 

ch. 

ch. 

ch. 

0 

R 

4.23 

18 

R 

15.80 

0 

L 

0.00 

20 

L 

5.00 

5 

R 

7.16 

25 

R 

12.20 

7.50 

L 

3.45 

30 

L 

2.62 

10 

R 

12.68 

30 

R 

6.48 

10 

L 

6.00 

30 

L 

0.00 

12 

R 

10.75 
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CHAPTER  VIII 

TOPOGRAPHICAL  SURVEYING  BY  THE  TRANSIT  AND  STADIA  » 

209.  A  Topographical  Survey  is  such  a  one  as  gives  not 
only  the  geographical  positions  of  •  points  and  objects  on  the 
surface  of  the  ground,  but  also  furnishes  the  data  from  which 
the  character  of  the  surface  may  be  delineated  with  respect  to 
the  relative  elevations  or  depressions.* 

210.  There  are  three  general  methods  of  making  such  a 
survey. 

Firsty  with  a  compass  (or  transit)  and  chain,  to  determine 
geographical  position,  and  with  a  level  for  obtaining  relative 
elevations. 

Second,  with  a  plane-table,  either  with  or 'without  stadia  rods. 

Third,  with  a  transit  instrument  and  stadia  rods. 

The  first  method  is  very  laborious,  slow,  and  expensive.  It 
is  therefore  not  adapted  to  large  areas.  The  second  method 
has  been  more  extensively  used  for  this  purpose  than  any  other. 
The  use  of  the  plane-table  is  fully  described  in  Chapter  V.  This 
method  is  giving  place,  however,  to  the  third,  which  has  been 
in  use  in  America  since  about  1864,  when  it  was  officially  adopted 


*  The  word  "stadia"  is  Italian  and  was  originally  used  to  designate  the  rod 
used  by  the  inventor  of  the  method.  It  is  now  too  firmly  established  to  be  changed. 
On  the  U.  S.  Coast  and  Geodetic  Survey  the  word  "telemeter"  is  used  in  place 
of  "stadia,"  but  this,  which  very  properly  means  distance  measurer^  has  been 
appropriated  for  other  appliances  used  for  measuring  at  a  distance^  as  temperature, 
for  example.     It  would  therefore  seem  that  "stadia"-  is  the  better  word  to  use. 

'  See  also  Appendix  G. 
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on  the  United  States  Lake  Survey.  The  system  was  first  used 
by  James  Watt  on  the  survey  of  a  canal  in  1770  or  1771.^  In 
what  follows,  the  third  method  will  alone  be  described. 

211.  The  Principle  of  the  location  of  points  by  the  transit 
and  stadia,  both  horizontally  and  vertically,  is  that  of  polar 
co-ordinates.  That  is,  the  location  of  the  point  geographically 
is  by  obtaining  its  angular  direction  from  the  meridian  through 
the  instrument,  which  is  read  on  the  limb  of  the  transit,  and 
its  distance  from  the  instrument,  which  is  read  through  the 
telescope  on  the  stadia  rod  held  at  the  point.  This  distance 
is  found  by  observing  what  portion  of  the  image  of  the 
graduated  rod  is  included  between  certain  cross  hairs  in  the 
telescope.  The  farther  the  rod  is  from  the  instrument,  the 
greater  is  the  portion  of  the  rod's  image  which  falls  between 
tfie  cross  wires. 

For  elevation,  the  vertical  angle  is  read  on  the  vertical  circle 
of  the  transit,  when  the  telescope  is  directed  towards  a  point 
of  the  stadia  rod  as  far  from  the  ground  as  the  telescope  is  above 
the  stake  over  which  it  is  set.  The  tangent  of  this  angle  of 
elevation,  or  depression,  into  the  given  horizontal  distance,  is 
the  amount  by  which  the  point  is  above  or  below  the  instrument 
station. 

In  this  way,  both  the  chain  and  levelling  instrument  are  dis- 
pensed with,  and  the  slow  and  laborious  processes  of  chaining 
over  bad  ground,  and  levelling  up  and  down  hill,  are  avoided. 
The  horizontal  distances  are  obtained  as  accurately,  as  by 
the  chain;  and  the  levelling  may  be  done  within  a  few  tenths 
of  a  foot  to  the  mile,  which  is  amply  sufficient  for  topographical 
purposes. 

*  See  Bulletin   University  of  Wisconsin   Eng.  Series,  Vol.  I,  p.  354,   by  Prof. 
J.  L.  Van  Ornum. 
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Theory  of  Stadia  MEAStJREiiENTS  ^ 

212.  Ftindamental  Relations.  In  Fig.  io6  let  LS  be  any 
lens,  or  combination  of  lenses,  used  for  the  object  glass  of  a 
telescope. 

a  and  b  represent  the  position  of  the  two  extra  horizontal 
cross  wires,  spaced  as  near  as  may  be  at  equal  distances  from 
the  middle  wire.  F  is  a  point  in  front  of  the  object  glass  and 
at  its  principal  focus.  Now,  when  the  telescope  is  focussed  on 
the  speaking  or  stadia  rod  AB^  the  cross  wires  a  and  b  are  seen 
projected  on  the  rod  at  A  and  B  respectively.     In  fact  the  object 


Fig.  io6. — Theory  of  Stadia  Measurements. 

glass  brings  to  a  focus  at  a  and  b  both  of  the  solid  cones  of  rays 
from  A  and  B  subtended  by  the  object  glass.  Of  these  many 
ra)rs,  the  two  from  A  and  B  which  pass  through  F,  the  principal 
focus,  will  traverse  the  telescope  parallel  to  the  optical  axis  of 
the  telescope  and  hence  parallel  to  each  other.^    Now  since  all 


^  For  a  good  description  of  A  New  Prismatic  Stadia  see  Jour.  Asso.  Eng. 
Soc,  Vol.  XIII,  p.  43,  Jan.,  1894.  One-half  of  the  telescope  objective  is  covered 
with  a  prism,  which  causes  two  portions  of  the  rod,  rays  from  which  form  a  fixed 
angle  at  the  objective,  to  coincide  in  the  image,  as  in  a  sextant,  thus  dispensing 
with  the  use  of  stadia  wires. 

'  This  is  a  principle  of  physics  easily  verified. 
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the  other  rays  of  light  from  A  and  B  come  to  a  focus  at  the  same 
points  as  the  two  rays  passing  through  F,  the  effect  is  the  same 
as  though  all  rays  came  over  these  particular  paths.  Let  i  repre- 
sent the  distance  between  the  cross  wires,  /  the  focal  distance  of 
the  objective,  LS  the  objective  lens,  and  S  the  intercept  of  the 
stadia  wires  on  the  stadia  rod,  then  in  the  similar  triangles  apexing 
at  F,  we  have: 

S  :  i  ::  y  :f; 

y-is (I) 

f 

—  is  a  constant  (K)  for  each  instrument,  and  in  case  the  wires 
t 

are  apart  exactly  ^\^  part  of  the  focal  length  of  the  lens,  then 

K  would  equal  loo. 

Eq.  (i)  gives  the  distance  which  the  rod  is  away  from  the 

fixed  point  F.    If  we  let  c  stand  for  the  distance  from  the  object 

glass  to  the  vertical  axis  of  the  transit,  then  the  total  distance 

Dy  from  the  rod  to  the  transit  plumb  line  (Fig.  io6),  is  given  by: 

D^-^S-^if-^c), (2) 

t 


or, 


D  =  KS^{f+c) (3) 


Eq.  (3)  is  known  as  the  stadia  formula  and  K  is  called  the 
stadia  interval. 

213.  Determination  of  the  Stadia  Interval.  The  distances 
/  and  c  can  be  measured  directly  on  the  transit  in  the  following 
way.  After  focussing  the  objective  on  a  distant  point,  measure 
with  a  rule  the  distance  from  the  object  glass  to  the  centre  of 
the  horizontal  axis  of  telescope  for  c,  and  the  distance  from  the 
cross  wires  to  the  objective  for  /.    The  determination  of  the 

constant  kI  =-)may  be  made  in  the  following  manner:    Measure 
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a  base  line  500  to  locx)  feet  with  a  steel  tape  and  place  hubs  at 
frequent  intervals,  as  for  example  every  100  feet.  Set  up  the 
transit  a  distance /+<^  back  of  the  base  line.  Then  if  the  rod  be 
held  on  the  base-line  hubs,  the  spaces,  5,  intercepted  by  the 
extreme  wires,  should  bear  a  constant  ratio  to  the  corresponding 
base-line  distances.  Thus  if  5i,  ^2,  ^3,  Sn  be  the  rod  readings 
corresponding  to  the  base-line  distances  j9i,  D2,  -D3,  D^^  then  we 

would  have  from  the  Eq.  (i)  Y=Ks,  ir=^  =  ir  =  ^  =  ^  =  ^. 

Ol  02      o^      o^ 

Each  of  these  equations  will  give  a  determination  of  the  interval 
K.  But  as  explained  in  Art.  217,  on  account  of  the  eflfect  of 
differential  refraction  these  various  values  of  K  are  not  usually 
quite  equal.  The  following  table  shows  all  the  field  and  office 
work  for  determining  the  stadia  interval  as  well  as  the  upper  and 
lower  half  intcn^als.     The  latter  are  useful  in  very  long  readings. 

FIELD   NOTES   FOR  DETERMINLNG   STADIA  INTERVAL 


Distance. 


200 
300 
400 
500 
600 
700 
800 
900 
1000 


Rod  Readings  for 

Computed  i  = 

D 
S' 

Full 

Lower 

Upper 
Half. 

Full 

Lower  \ 
Interval. 

Upper  i 
Interval. 

Interval. 

Half. 

Interval. 

1. 91 

0.95 

O.0 

104.71 

210.53 

208.33 

2.86 

1.42 

1-43 

104.80 

211.26 

209.79 

3.81 

1.90 

1.92 

104.98 

210.52 

208.33 

4.77 

2.38 

2.39 

104.82 

210.09 

209.25 

5-72 

2.8s 

2.87 

104.90 

210.53 

209.06 

6.68 

i'2,^ 

3.35 

104.79 

210.85 

208.95 

7.63 

3-80 

3.83 

104.85 

210.52 

208.87 

8-59 

4.29 

4.30 

104.77 

209.79 

209.30 

9-55 

4.77 

4.80 

104.71 

209.64 

208.33 

Av.- 

104.80 

210.41 

208.91 

Remarks. 


cfl  vO 
c    « 


o   « 


o 


■£Q 


CM 


>  rt 

^-  C 

•B.  o 

O  o< 


-S'4) 

u 
« 

o    W 

..06 

P>  < 


The  average  of  ten  or  more  such  values  should  give  a  much 
more  reliable  value  than  any  single  determination,"  however 
carefully  made.  Because  of  the  importance  of  securing  an 
accurate  value  for  the  interval,  considerable  pains  and  time  are 
justified  in  securing  an  average  value. 
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Instrument  makers  provide  either  fixed  or  adjustable  stadia 
cross  wires,  but  the  former  are  usually  preferred  because  of  being 
less  likely  to  accidental  change. 

214.  To  Set  the  Adjustable  Wires  So  x=ioo.  This  can 
be  best  done  by  the  use  of  a  level  rod  with  two  large  targets. 
The  transit  is  set  up  as  before  (/-f  c)  back  of  an  accurately 
measured  base  line.  With  the  rod  held  at  the  100-foot  point 
the  lower  wire  is  made  to  coincide  with  the  lower  target  and 
then  th?  upper  wire  adjusted  imtil  it  bisects  the  upper  target 
set  at  one  foot  higher.  Such  a  test  might  be  repeated  at 
various  distances,  from  100  to  500  feet,  as  a  check.  Experi- 
ence has  shown  that  this  method  is  not  as  easy  or  as  accurate 
as  the  method  discussed  in  Art.  215. 

215.  The  Use  of  an  Interval  Factor.  The  practice  of 
graduating  a  rod  to  fit  the  stadia  wires  of  a  particular  transit 
has  been  found  less  accurate  than  the  system  which  employs 
an  interval  factor  with  the  rod  graduated  into  standard  units. 
The  former  method  is  objectionable,  also,  for  the  following  reasons: 
First,  the  cost  of  regraduating  and  repainting  the  rod  when  the 
interval  of  the  transit  changes,  as  when  new  wires  are  inserted, 
or  from  other  causes;  second,  such  rods  cannot  be  interchanged 
among  other  transits,  or  old  rods  used  with  new  transits;  third, 
such  non-standard  rods  could  not  be  used  in  levellmg  without 
computing  laborious  corrections. 

All  these  objections  are  overcome  by  the  use  of  rods  grad- 
uated into  standard  units  and   the  use  of  an  interval  factor 

{K=-r\  to  multiply  all  stadia  readings  on  the  standard  rod  to 

obtain  the  true  stadia  distance,  viz.,  what  the  rod  reading  would 
have  been  if  K  had  been  equal  to  100. 

This  method  has  failed  of  adoption  because  of  the  seemingly 
large  amount  of  extra  computation  involved.  By  the  use  of  a 
reduction  table,  however,  the  labor  involved  is  very  slight,  while 
the  advantages  are  many.  Such  a  table  would  be  prepared  as 
follows:   From  the  adopted  interval  compute  the  distance  corre- 
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spending  to  each  stadia  reading  given  in  the  columns  marked 
Stadia  in  the  following  reduction  table,  and  having  added  the 
f-\-c  to  each  of  such  computed  distances,  place  the  sums  in  second 
column  opposite  the  proper  stadia  reading:  f-\-c  should  not  be 
added  to  readings  of  less  than  o.i.^  Thus  with  an  interval  factor 
/iL  =  104.80,  and  /-{•c=d^,^2  the  distance  corresponding  to  a 
stadia  reading  of  o.i  would  be  10.48+0.32  =  10.80.  Remember- 
ing that  (leaving  out  the  fi-c)  the  distances  are  porportionate 
the  stadia  reading,  the  work  of  computing  the  table  can  easily 
be  done  in  an  hour's  time. 

It  is  assumed  in  this  explanation  that  the  interval  was  deter- 
mined by  measuring  a  base  line  whose  zero  was  fi-c  in  front 
of  the  centre  line  of  transit  as  explained  on  page  273.  If  the 
zero  of  the  base  line  coincided  with  the  centre  line  of  the  transit 
(plumb  line),  the  construction  of  the  table  would  be  just  the 
same,  except  that  there  would  be  no/+c  additions  to  the  column 
headed  Distance. 

How  to  Use  the  Table.  If,  for  example,  the  notes  contained 
a  stadia  reading  of  i"*.96o,  to  find  from  the  table  the  true  dis- 
tance, viz.,  what  the  stadia  would  have  read  if  the  interval  factor 
had  been  loo.o,  you  enter  the  table  with  1.9  as  an  argument 
and  take  out  the  distance  199.44  corresponding  to  it;  also 
opposite  0.06  find  6.29,  which  add  to  199.44,  giving  205.73  nietres 
as  the  true  distance  (and  including  in  it  the /-he). 

With  a  little  practice  it  will  be  found  that  the  field  notes  of  an 
entire  day  may  be  reduced  in  this  manner  in  fifteen  minutes  or 
less. 

If  the  interval  factor  should  happen  to  be  nearly  equal  to 
100,  it  would  not  be  necessary  to  reduce  the  side  shots,  as  on 
the  visual  scales  of  maps  small  differences  would  not  be  appre- 

*  This  is  assuming  that  stadia  readings  of  less  than  o.i  will  never  be  taken 
except  as  a  part  of  a  much  longer  reading,  as,  for  example,  0.06  forms  a  part  of 
1.96;  so  that  \i  f-\-c  were  added  in  the  table  both  to  the  distances  corresponding 
to  1.9  and  0.06  of  the  rod  reading,  the  resulting  sum  would  have  (J-\-c)  added 
twice  instead  of  once. 
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ciable  on  the  map;  but  even  in  such  a  case  it  would  be  well  to 
reduce  the  stadia  shots  of  the  main  traverse  line,  because  the 
omission  of  such  corrections  would  introduce  an  accurmdalive 
error  which  might  vitiate  the  accuracy  of  the  entire  map. 

STADIA   REDUCTION  TABLE 
/-he  =  0^.32  iC=  104.80 


Stadia 
Reading. 

Distance. 

Stadia 
Reading. 

Distance. 

Stadia 
Reading. 

Distance. 

.001 

.10 

-05 

5.24 

.9 

94.64 

.002 

.21 

.06 

6.29 

i.o 

105.12 

.003 
.004 

.31 
.42 

.07 
.08 

7-34 
8.38 

I.I 
1.2 

115.60 
126.08 

-005 
.006 

.52 
.63 

.09 
.10 

9-43 
10.80 

1-3 
1-4 

136.56 
147-04 

.007 
.008 

-73 
.84 

.2 

.3 

21.28 
31-76 

1-5 
1.6 

157.52 
168.00 

.009 
.01 

.94 
1-05 

1          .4 

1          .5 

42-24 
52-72 

1-7 
1.8 

178.48 
188.96 

.02 

2.10 

1          -6 

63.20 

1.9 

199.44 

.03 
.04 

3.14 
4.19 

-7 

1         .8 

1 

73.68 
84.16 

2.0 
etc. 

209.92 
etc. 

216.  A  Simple  and  Accurate  Way  to  Determine  the  Wire 
Interval  of  a  Transit.  In  all  topographic  surveys  extending 
over  a  considerable  area  a  triangulation  control  is  always  found 
necessary.  The  accurately  known  distances  computed  from  the 
triangulation  can  be  made  to  give  the  very  best  determination 
of  the  stadia  interval  without  any  further  field  work  for  this 
purpose. 

In  taking  topography  by  the  transit  and  stadia  method,  it 
is  usual  to  begin  and  end  the  network  of  traverse  lines  (upon 
which  the  topography  is  made  to  depend)  at  triangulation  stations. 

If  the  interval  of  the  transit  used  be  assumed  to  be  100,  then 
the  distance  between  the  two  adjoining  triangulation  stations, 
forming  the  terminals  of  the  traverse,  can  be  computed  from 
the  distances  and  bearings  of  the  traverse.    Then  100  times  the 
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ratio  of  the  true  length,  as  determined  by  triangulation,  to  the 
distance  so  computed  is  the  stadia  interval  of  the  transit;  e.g., 
if  the  distance  between  two  triangulation  stations,  as  computed 
from  the  stadia  traverse,  should  be  15,488  feet  (assuming  the 
stadia  interval  to  be  100),  and  the  true  triangulation  distance 
between  the  same  points  was  15,698  feet,  then  the  assumed 
interval  of  the  transit  should  be  multiplied  by  the  ratio  of  15,698: 
15,488=  1.0135,  giving  a  true  interval  of  1.0135X  100  (the  assumed 
interval)  =  101.35. 

Besides  being  extremely  simple  this  method  has  the  added 
advantage  of  having  been  determined  by  the  person  who  did 
the  instrumental  field  work  of  the  survey,^  and  under  the  same 
conditions  regarding  time  of  day,  weather,  etc.,  as  governed  the 
topographic  field  work,  thereby  insuring  a  result  free  from  any 
systematic  errors.  The  resulting  interval  would  also  be  free 
from  accidental  errors  unless  some  blunder  was  made  in  the 
rod  readings  during  the  field  work.  To  guard  against  such  a 
possibility  it  would  be  well  to  make  two  or  nlore  computations 
of  the  interval,  by  the  above  method,  using  different  lines  in  the 
triangulation.  The  agreement  of  the  several  determinations  so 
made  would  insure  freedom  of  error  in  the  resulting  interval. 

Note.  In  the  above  method  it  is  assumed  that  either  there  was  no  azimuth 
error  in  the  traverse  line,  or  that  it  had  been  duly  corrected  or  distributed  before 
the  distance  between  triangulation  stations  had  been  computed. 

217.  How  to  Prevent  Systematic  Errors  in  Stadia  Measure- 
ments. When  the  wire  interval  of  a  transit  is  accurately  deter- 
mined, stadia  measurements  are  subject  only  to  the  accidental 
errors  of  reading  the  rod.  According  to  a  well-known  law  only 
the  square  root  of  such  errors  remains  uncompensated. 

As  a  matter  of  fact,  the  results  of  stadia  surveys  show  much 
larger  errors  in  measurement,  in  some  constant  direction,  point- 
ing conclusively  to  an  incorrect  interval  determination  or  rod 

*  In  order  to  eliminate  a  possible  error  from  personal  equation,  which  has 
aomedmes  been  found  to  exist. 
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gTa,dualion.  Professor  L.  S.  Smith  has  shown  '  that  the  failure 
to  secure  a  correct  wire  interval  has  been  due  to  a  lack  of  care 
in  securing  as  near  as  possible  the  same  conditions  for  the  inten'al 
determination  as  are  met  in  the  field  measurements.  This 
.  requirement  is  important  because,  as  he  has  experimentally 
proved,  the  effect  of  refraction  is  much  greater  near  the  ground 
in  the  strata  of  air  traversed  by  the  lower  line  of  sight  than  it 
is  in  the  strata  a  few  feet  above  traversed  by  the  upper  line  of 
sight  (see  Fig.  107).  This  causes  the  actual  rod  reading  to  difTer 
from  what  it  would  have  been  had  the  air  been  homogeneous. 
This  difference  in  the  amount  of  refraction  changes  in  amount  at 


FlC.  107.  Fic.  108. 

different  hours  of  the  day,  giving  a  slightly  different  rod  intercept 
for  the  same  distance.  In  the  typical  curve  shown  in  Fig.  107 
it  will  be  seen  that  the  rod  intercept  is  least  during  the  middle  of 
the  day,  and  greatest  in  morning  and  evening. 

If  an  interval  was  determined  by  rod  readings  taken  on  the 
base  line  near  noon,  smaller  rod  readings  would  result  than  the 
average  readings  for  the  day.     As  a  result  of  the  rod  rcadinp, 

s,  being  too  small  (since  the  interval  K  equals  —1,  K  would  be 


'  See   Bulletin  tit  (he   Univcrsily  of  Wisiimsin,   Kngincering   Scries,   Vol.   1, 
No,  5,  i«95:   3I5.1  Kng.  N'e«-s,  Vr.l.  XX.\III,  p.  364.- 
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too  large,  and  therefore  measurements  made  with  such  a  value 
of  the  interval  (or  with  a  rod  divided  under  these  conditions) 
would  as  a  rule  be  excessive.^ 

Just  the  opposite  effect  would  result  with  an  interval  made 
in  the  early  or  late  part  of  the  day,  viz.,  the  value  of  K  obtained 
would  be  too  small.  However,  if  several  determinations  or 
tests  be  made,  distributed  over  several  hours  of  the  field  day, 
and  better  still  on  several  days,  the  average  of  them  all 
would  give  an  interv'^al  comparatively  free  from  systematic 
error. 

As  a  result  of  these  experiments  the  following  rules  for  deter- 
mining the  wire  interval  or  for  graduating  the  rod  become  imper- 
ative for  the  most  accurate  work.  These  rules  apply  to  any  or 
all  the  methods  previously  described. 

1.  Every  instrument  man  should  determine  for  himself  his 
wire  interval  {or  make  the  observations  for  graduating  his  rods). 

2.  Determine  the  wire  interval  for  various  distances  {but  only 
between  the  limits  expected  in  the  field  work),  and  for  several 
hours  distributed  through  one  or  more  days,  on  a  base  line  which 
does  not  differ  radically  from  the  country  to  be  surveyed. 

3.  For  a  radical  change  of  field  or  season  conditions,  redeter- 
mine the  wire  interval  or  rod  graduation. 

4.  Avoid  reading  the  lower  cross  wire  near  the  ground,  either 
in  the  interval  determinatian  or  in  tlie  field  work,  but  the  interval- 
determination  readings  should  agree  in  this  respect  with  the  average 
field  practice. 

It  is  the  evident  purpose  of  these  rules  to  insure  as  far  as 
possible  that  every  condition  obtaining  during  the  test  shall 
be  as  similar  as  possible  to  the  conditions  expected  or  planned 
for  the  field  work.  The  experiments  described  in  this  article 
have  unquestionably  proved  that  if  these  rules  be  followed  the 
accuracy   obtainable   will   be   very   considerably   increased   and 

*  For  a  good  example  of  such  a  case  read  the  report  of  the  St.  Louis  Topo- 
graphic Survey,  Journal  of  the  Asst)ciation  of  Engineering  Societies,  Vol.  XII, 
p.  20.    The  average  error  of  every  sight  on  this  survey  was  alx)ut  -\- 1.5  feet. 
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the  stadia  method  thereby  made  even  more  valuable  than    it 
has  been  in  the  past. 

218.  Adaptation  of  Formulas  to  Inclined  Sights.  The 
discussion  given  in  Art.  212  is  applicable  to  horizontal  sights 
onfy. 

If  the  rod  be  held  on  the  top  of  a  hill,  and  the  telescopic 
pointed  towards  it,  tlie  reading  on  the  rod  will  give  the  linear 
distance  from  instrument  to  rod,  provided  the  rod  be  held  per- 
pendicular to  tiie  line  of  sight.  As  it  would  be  inconve'hient  to  do 
this,  let  the  rod  be  held  vertical  in  all  cases.     When  the  line  of 


Fig.  109. 


sight  IS  inclined  to  the  rod,  the  space  intercepted  is  increased 
in  the  ratio  of  i  to  the  cos  of  the  angle  with  the  horizon. 

Thus,  the  space  A'B^  (Fig.  109)  for  the  rod  perpendicular  to 
the  line  of  sight  becomes  AB  for  the  rod  vertical.  But  i4'5'  = 
AB  cos  V  approximately. 

Let  A'B'^r',  the  reading  on  the  stadia  for  perpendicular 
position;  and 

Let  AB=r,  the  actual  reading  obtained  fcfr  a  vertical  position. 

Then  r^=r cost;. 

/ 
But  in  Eq.  (4)  we  have  -rS^Kr',  and  therefore  Kr'  -\-c-\-f  is 
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the  distance  CO';    whereas  the  distance  on  the  horizontal,  CO, 
B  generally  desired,  and  for  this  we  have 

C0  =  d  =  CO'  cos  ?;=  {Kr'  +c+/)  cos  v 

=  Kr  cos^  v-\-{c  -f /)  cos  v,     (j) 

Thisjs  the  equation  for  reducing  all  readings  on  the  stadia 
to  the  corresponding  horizontal  distances. 

The  vertical  distance  of  O'  above  O  is  equal  to  CO'  sin  V. 

But  CO'  =  Kr'  +/+  c  ■=  Kr  cos  v  +/+  ^> 

hence 

00' =  A  = /Cr  cos  i;  sin  v-^(f-{-c)  sint/ 

=  IKr  sin  2V  +  (/+  c)  sin  v.     (8) 

Eq.  (8)  is  used  for  finding  the  elevation  of  the  point  on  which 
the  stadia  is  held  above  or  below  the  instrument  station. 

219.  Table  V  gives  the  values  d  and  h  computed  from 
these  formulas  for  a  stadia  reading  of  100  feet  (or  metres,  or 
yards),  with  varying  angles  up  to  30°. 

It  will  be  noted  that  the  second  term  in  the  right  member 
of  Eqs.  (7)  and  (8)  is  always  small,  and  its  value  depends  on 
the  instrument  used.  The  values  of  this  term  are  taken  out 
separately  in  the  table;  and  three  sets  of  values  are  given  of 
(r+/),  viz.,  0.75  feet,  i.oo  feet,  and  1.25  feet.  If  the  work 
does  not  require  great  accuracy,  these  small  corrections  may  be 
omitted. 

The  use  of  the  table  directly  involves  a  multiplication  for 
overy  result  obtained.  Thus,  if  the  stadia  reads  460  feet,  the 
angle  of  inclination  6^  20',  and  we  have  f-\-c=i  foot,  then 

rf= 4.60X98. 78 +0.99  =  455.4  feet, 
and  ^=4.60X10.96+0.11  =  50.53  feet. 
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The  table  is  not  generally  used  for  reductions  for  d  when  the 
angle  of  elevation  is  less  than  3  to  5  degrees.  When  v  =  $^  44', 
this  reduction  amounts  to  just  one  per  cent.  When  an  error  of 
I  in  100  can  be  allowed,  then  the  reduction  to  the  horizontal 
would  not  be  used  under  6®.  If  the  second  term  in  c  \-f  be  also 
neglected,  these  two  errors  tend  to  compensate;  and  if  c-\-f 
for  the  instrument  used  is  i  foot,  and  both  these  corrections  be 
omitted,  they  do  exactly  compensate  when  the 

stadia  reading  is    100  feet,  vertical  angle  5°  44'. 


"    "      200    ' 

4°  04'. 

300 

f  20'. 

"    "      400    ' 

2°  52'. 

"   "    500 

2°  32'. 

"    "     1000 

1°  46'. 

"    "     2000 

1°  18'. 

Therefore  the  reduction  to  the  horizontal  need  never  be  made 
when  V  is  less  than  2®,  and  it  generally  may  be  neglected  when 
V  is  less  than  6°. 

In  obtaining  the  difference  of  elevation,  A,  the  term  in  c+/ 
may  be  omitted  for  all  angles  under  6°  if  errors  of  o.i  foot  are 
not  important.  For  elevations  on  the  main  line,  however,  this 
term  should  always  be  included. 

In  practice,  therefore,  the  tables  are  mostly  used  to  obtain 
the  difference  of  elevation  from  the  given  stadia  reading  and 
angle  of  elevation. 


The  Instruments 

220.  The  Transit.^  That  the  transit  may  be  best  adapted 
to  this  work,  there  are  certain  features  it  should  possess,  though 
all  of  them  are  by  no  means  essential.  They  will  be  named  in 
the  order  of  their  importance. 

*  See  Specifications  for  a  Topographic  Transit,  Appendix  F. 
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I  St.  The  horizontal  limb  should  be  graduated  from  zero  to 
360°,  preferably  in  the  direction  of  the  movement  of  the  hands 
of  a  iwratch. 

2d-  The  instrument  should  have  a  vertical  circle  rigidly 
attached  to  the  telescopic  axis,  and  not  simply  an  arm  that  is 
fastened  by  a  clamp-screw,  and  which  reads  on  a  fixed  arc  below. 
So  much  depends  on  the  vertical  circle  holding  its  adjustment 
that  its  arrangement  should  be  the  best  possible.  Since  the 
telescope  is  not  transited,  the  vertical  circle  need  not  be  com- 
plete. An  extra  level  to  control  the  zero  of  the  vertical  circle 
IS  desirable. 

3d.  The  telescope  should  be  inverting,  for  two  reasons:  ^r^/, 
in  order  to  dispense  with  two  of  the  lenses,  and  so  obtain  a  better 
definition  of  image;  and,  second,  that  the  objective  may  have 
a  longer  focal  length,  thus  giving  a  flatter  image  and  a  less  dis- 
torted field. 

4th.  The  stadia  wires  should  be  fixed  instead  of  adjustable, 
as  in  the  latter  case  they  are  not  stable  enough  to  be  reliable. 

5th.  The  bubbles  on  the  plate  of  the  instrument  should  be 
rather  delicate,  so  that  a  slight  change  in  level  may  become 
apparent.  They  should  also  hold  their  adjustments  well.  This 
is  very  important,  in  order  that  the  readings  of  the  vertical  angles 
may  be  reliable.  It  is  also  of  great  importance  in  carrying 
azimuth  where  the  stations  are  not  on  the  same  level. 

6th.  The  horizontal  circle  should  read  to  thirty  seconds; 
and  there  should  be  no  eccentricity,  so  that  one  vernier-reading 
shall  be  practically  as  good  as  two. 

7th.  The  instrument  (or  tripod)  should  have  an  adjustable 
centre,  for  convenience  of  setting  over  points. 

8th.  A  solar  attachment  to  the  telescope  will  be  found  very 
convenient.  In  most  regions  the  azimuth  can  be  checked  up 
by  the  reading  of  the  needle,  but  in  many  places  this  is  not 
reliable. 

221.  Setting  the  Cross  Wires.  The  engineer  should  always 
have  at  hand  a  spider's  cocoon  of  good  wires,  and  a  small  bottle 
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of  thick  shellac  varnish.     If  the  dry  shellac  is  carried  it  may  be 

dissolved  in  alcohol.     If  no  such  cocoon  is  at  hand  a  spider  may 

be  caught  and  made  to  spin  a  web.    The  small,  black,  out-door 

spider  makes  a  good  web  for  stadia  purposes.    A  new   wire 

should  be  allowed  to  dry  for  a  few  minutes,  and  an  old  one  should 

be  steamed  to  make  it  more  elastic.    The  wires  for  stadia  work 

should  be  small,  round,  and  opaque.     Some  wires  are  translucent, 

and  some  are  flat  and  twisted  like  an  auger  shank. 

Scratches  must  be  made  across  the  face  of  the  reticule  where 

the  wires  are  to  lie.    These  must  be  made  with  great  care,  so 

as  to  have  them  equally  spaced  from  the  middle  wire,  parallel 

to  each   other,   and   perpendicular   to  the  vertical   wire.     The 

distance  apart  of  the  extreme  wires  is  to  be  computed  by  the 

s 
equation  i  =  —fioT  any  desired  scale  on  the  rod. 

Take  a  piece  of  web  on  the  points  of  a  pair  of  dividers,  by 
wrapping  the  ends  several  times  about  the  points,  which  should 
be  separated  by  about  an  inch;    stretch  the  wire,  by  spreading 
the  dividers,  as  much  as  it  will  bear;   and  lay  the  dividers  across 
the  reticule  in  such  a  way  that  the  web  comes  in  place.     The 
dividers  must  be  supported  underneath,  so  that  the  points  will 
drop  just  a  trifle  below  the  top  of  the  reticule;    otherwise  they 
would  break  the  web.     Move  the  dividers  until  the  web  is  seen, 
by  the  aid  of  a  magnifying  glass  (the  eye-piece  will  do),  to  be  in 
exact  position.     Then  take  a  little  shellac  on  the  end  of  a  small 
stick  or  brush,  and  touch  the  reticule  over  the  web,  being  careful 
to  have  no  lateral  motion  in  the  movement.     The  shellac  will 
harden  in  a  few  minutes,  when  the  dividers  may  be  removed. 
Shellac  is  not  soluble  in  water. 

222.  Design  of  the  Stadia  Rod.  The  stadia  rod  is  usually 
a  board  one  inch  thick,  four  or  five  inches  wide,  and  twelve  to 
fourteen  feet  long.  Sometimes  this  is  stiffened  by  a  piece  on 
the  back.  In  Fig.-  i  lo  are  shown  several  designs  for  stadia  rods 
which  have  been  long  in  use,  and  are  found  to  work  well.  I'hcy 
are  intended  to  be  all  in  black  on  a  white  ground,  though  some 
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engineers  prefer  to  use  red  at  the  foot  or  metre  points.  A  most 
important  consideration  is  to  have  the  coior  in  fairly  large  areas 
and  devoid  of  long  sharp  points.    This  is  because  of  the  dis- 
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lo. — Design  for  Stadia  Rods. 


lortion  of  such  shapes  due  to  the  untseadiness  or  "  boiling  " 
of  the  air.  If  readings  of  less  than  looo  feet  are  to  be  measured, 
the  foot  (see  Figs.  ioi.4)  forms  a  convenient  unit  for  subdivision. 
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For  longer  distances  the  yard  and  metre  (see  Fig.  i  loB)  are  much 
better  units.  All  colors  should  be  put  on  with  turpentine  so 
as  to  give  a  dull  finish. 

Until  recent  years,  the  method  of  graduating  the  stadia  rod 
to  fit  the  interval  was  in  common  use.  At  the  present  time, 
however,  instrument  makers  have  no  difficulty  in  spacing  the 
stadia  wires  very  exactly  ^^  part  of  the  focal  length  of  the  objec- 
tive. All  side  shots  taken  with  such  instruments  could  be  platted 
by  regarding  the  stadia  constant  loo.  If  in  certain  cases  greater 
accuracy  is  required  on  the  main  traverse,  an  interval  factor  can 
be  used  in  the  manner  explained  in  Art.  215. 

223.  The  Following  are  some  of  the  disadvantages  of  the 
old  system  of  painting  the  rod  to  fit  the  interval,  instead  of 
using  rods  divided  into  standard  units.^ 

1.  Subsequent  changes  in  interval  require  regraduating  and 
repointing  the  rod. 

2.  Such  rod  cannot  be  interchanged  among  transits. 

3.  Old  rods  cannot  be  used  with  new  transits. 

4.  Such  rods  cannot  be  used  in  levelling  without  computing 
necessary  corrections. 

5.  Levelling  rods  cannot  be  used  as  stadia  rods. 

6.  Observers  with  different  personal  equations  cannot  use 
the  same  rods  without  causing  systematic  eirors  in  the  measure- 
ments. 

The  wire  interval  should  be  tested  every  few  months  on  a 
carefully  measured  base.  Experience  has  shown  that  measurable 
changes  in  the  wire  interval  result  from  radical  changes  in  the 
climate  or  seasons,  as  well  as  from  physical  changes  in  the  stadia 
wires  themselves.  If  fixed  wires  sometimes  change,  no  argument 
should  be  needed  for  avoiding  adjustable  wires. 

It  is  sometimes  recommended  in  texts  that  the  field  work 
of  determining  the  wire  interval  be  done  on  a  "calm,  cloudy 
day,''  or  at  some  particular  hour  of  the  day  which  is  supposed  to 

*  From  a  paper  by  Professor  John  L.  Van  Ornum,  Vol.  XXXIV,  Trans.  Am. 
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give  the  most  accurate  value.  This  recommendation  apparently 
overlooks  the  fact  that  the  most  accurate  value  sought  must 
needs  be  the  mean  for  the  working  day.  It  is  not  a  safe  plan  to 
depend  upon  a  single  hour,  or  upon  a  certain  kind  of  a  day, 
although  this  might  suflSice  for  a  survey  of  a  small  area. 


General  Topographical  Surveying  ^ 

224.  The  Topography  of  a  region  includes  not  only  the 
character  and  geographical  distribution  of  the  surface  covering, 
but  also  the  exact  configuration  of  that  surface  with  reference 
to  its  elevations  and  depressions.  Thus  any  point  is  geograph- 
ically located  when  its  position  with  reference  to  any  chosen 
point  and  a  meridian  through  it  is  found,  but  to  be  topographically 
located  its  elevation  above  a  chosen  level  surface  must  also  be 
known.  A  topographical  survey  consists  in  locating  by  means 
of  three  co-ordinates  a  suflScient  number  of  points  to  enable  the 
intervening  surface  to  be  known  or  inferred  from  these.  Evidently 
the  points  chosen  should  be  such  as  would  give  the  greatest 
amount  of  information.  As  for  geographical  outline,  the  comers, 
turns,  or  other  critical  points  are  chosen,  so  for  configuration 
the  points  of  changes  in  slope,  as  the  tops  of  ridges  and  bottoms 
of  ravines,  or  the  brow  and  foot  of  a  hill,  are  chosen  as  giving 
the  greatest  information. 

225.  Field  Work.  Let  it  be  required  to  make  a  topograph- 
ical survey  of  either  a  small  tract,  a  continuous  shore  line,  or 
of  a  large  area,  for  the  purpose  of  making  a  contour  map. 

In  case  of  the  small  tract,  any  point  may  be  taken  as  a  point 
of  reference,  and  the  survey  referred  to  it  as  an  origin.  In  case 
of  an  extended  region,  a  series  of  points  should  be  determined 
with  reference  to  each  other,  both  in  geographical  position  and  in 

^  For  a  complete  treatise  on  Photographic  Surveying,  by  E.  Devilie,  Surveyor 
General  of  Public  Lands  for  the  Dominion  of  Canada,  apply  to  the  Government 
Printing  Bureau,  Ottawa,  Canada.     The  book  contains  232  pages  and  many  cuts. 
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elevation.  These  determined  points  should  not  be  more  than 
about  three  miles  apart.  The  points  of  elevation  or  bench  marks 
need  not  be  identical  with  those  fixed  in  geographical  position. 
These  last  are  best  determined  by  a  system  of  triangulation, 
and  are  called  "  triangulation  stations." 

Ftrsty  a'  system  of  triangulation  points  is  established,  the 
angles  observed,  azimuths  and  distances  computed,  and  the  sta- 
tions plotted  to  scale  on  the  sheet  which  is  to  contain  the 
map.  This  plotting  is  best  done,  for  small  areas,  by  computing 
the  rectangular  co-ordinates  (latitudes  and  departures),  and 
plotting  them  from  fixed  lines  which  have  been  drawn  upon  the 
map,  accurately  dividing  it  into  squares  of  looo  or  5000  units  on 
a  side.  They  may,  however,  be  plotted  directly  from  the  polar 
co-ordinates  (azimuth  and  distance)  as  given  by  the  triangulation 
reduction.  For  this  purpose,  the  sheet  on  which  the  map  is  first 
drawn,  called  the  field  sheet y  should  have  a  protractor  circle  printed 
upon  it,  about  twelve  inches  in  diameter.  These  protractor  sheets  of 
drawing  paper  can  be  obtained  of  most  dealers  in  drawing  mate- 
rials, or  the  protractor  circle  may  be  printed  to  order  on  any 
given  size  or  quality  of  paper.  These  protractor  circles  are  very 
accurate,  and  are  graduated  to  15'  of  arc.  Plotting  can  be  done 
to  about  the  nearest  5',  if  great  care  be  taken. 

Second,  a  line  of  levels  is  run,  leaving  B.  M.'s  at  convenient 
points  whose  elevations  arc  computed,  all  referred  to  a  common 
datum.  If  the  triangulation  stations  are  not  also  B.  M.^s,  then 
a  B.  M.  should  be  left  in  the  near  vicinity  of  each  station.  This 
is  not  essential,  however. 

Third,  the  topographical  survey  is  then  made,  and  referred 
to,  or  hung  upon,  this  skeleton  system  of  triangles  and  B.  M.'s. 

The  topographical  party  should  consist  of  the  observer,  a 
recorder,  two  or  three  stadia  men,  and  as  many  axemen  as  may 
be  necessary,  generally  not  more  than  two. 

The  azimuth,  preferably  referred  to  the  true  meridian,  is 
known  for  every  line  joining  two  triangulation  stations,  as  well 
as  the  length  of  such  line. 
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Set  up  the  transit  over  a  station,  and  set  the  horizontal  circle 
(which  should  be  graduated  continuously  from  o^  to  360°  in 
the  direction  of  the  hands  of  a  watch)  so  that  vernier  A  will  read 
the  same  as  the  azimuth  of  the  triangulation  line  by  which  the 
instrument  is  to  be  oriented.  Clamp  the  plates  in  this  position, 
and  set  the  telescope  to  read  on  the  distant  station.  Now  clamp 
the  instrument  below,  so  as  to  fix  the  horizontal  limb,  and  unclamp 
above.  The  azimuths  of  the  triangulation  lines  are  generally 
referred  to  the  south  point  as  the  zero,  and  in  small  systems 
of  this  sort  the  forward  and  back  azimuths  are  taken  to  be  180° 
apart  When  the  instrument  has  been  set  and  clamped,  all 
subsequent  readings  taken  at  that  station  are  given  in  azimuth 
by  the  readings  of  vernier  A  on  the  horizontal  limb.  For  any 
pointing,  therefore,  the  reading  of  this  vernier  gives  the  azimuth 
of  the  point  referred  to  the  true  meridian,  and  the  rod  reading 
gives  the  distance  of  the  point  from  the  instrument  station. 
These  enable  the  point  to  be  plotted  on  the  map.  To  draw 
the  contour  lines,  elevations  must  also  be  known. 

If  the  elevation  of  the  station  is  known,  measure  the  height  of 
instrument  (centre  of  telescope)  above  it  with  the  stadia,^  as 
soon  as  the  instrument  is  levelled  up  over  that  station.  Suppose 
this  comes  to  the  4.12-unit  mark.  Write  in  the  note  bgok,  as  a 
part  of  the  general  heading  for  that  station,  "  Ht.  of  Inst.  =  4.12." 
Then,  for  all  readings  from  that  station  for  elevations,  bring 
the  middle  horizontal  wire  to  the  4.12-unit  mark  on  the  rod,  and 
read  the  vertical  angle.  From  this  inclination  and  distance,  the 
height  of  the  point  above  or  below  the  instrument  station  is 
found.  If  the  rod  be  graduated  symmetrically  with  reference 
to  the  two  ends,  one  need  not  be  careful  always  to  keep  the  same 
end  down,  and  so  errors  from  this  cause  are  avoided. 

The  record  in  the  note  book  consists  of — 

ist.  A   Description  of  the  Point j  as  **N.E.  cor.  of  house," 

*  Or,  if  preferred,  a  light  staff,  al)out  5  feet  long,  may  be  carried  with  the 
instrument  for  this  purpose,  it  being  graduated  the  same  as  the  stadia  rods  for 
this  instrument. 
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"intersec.  of  roads,"  '*top  of  bank,"  etc.     **  A  i6"  for  ^'stadia 
station  i6,"  etc. 

2d.  Reading  of  Vet.  A  or  azimuih. 

3d.  Stadia  Reading. 

4th.  True  Distance. 

5th.  Vert.  Angle. 

These  five  columns  are  all  that  are  used  in  the  field.  There 
should  be  three  additional  columns  on  the  left-hand  page,  for 
reductions,  viz.: 

6th.  Difference  ofelevationy  corresponding  to  the  given  vertical 
angle  and  distance,  and  which  is  taken  from  a  table  or  diagram. 

7th.  Height  of  instrument.^ 

8th.  Elevation,  which  is  the  true  elevation  of  each  point 
referred  to  the  common  datum. 

The  right-hand  page  should  be  reserved  for  sketching. 

It  will  be  foimd  most  convenient  to  let  the  sketching  proceed 
from  the  bottom  to  the  top  of  the  page,  as  in  this  case  the 
recorder  can  have  his  book  properly  oriented  as  he  holds  it  open 
before  him,  and  Jooks  forward  along  the  line.  The  notes  may 
advance  from  top  to  bjpttom,  or  vice  versay  as  desired.  If  there 
are  many  "side  shots"  from  each  instrument  station,  one  page 
will  not.  usually  contain  the  notes  for  more  than  two  stations, 
and  sometimes  not  even  for  one. 

The  sketch  is  simply  to  aid  the  engineer  when  he  comes  to 
plot  the  work,  and  should  rarely  be  omitted  altogether.  The 
sketches  should  be  made  with  care.  The  observer  usually  makes 
his  own  sketches  and  plots  his  own  work,  but  sometimes  the 
addition  of  a  recorder  increases  the  progress. 

After  the  instrument  is  oriented  over  a  station,  and  its  height 
taken  on  the  stadia,  the  stadia  men  go  about  holding  the  rods 
at  all  points  which  are  to  be  plotted  on  the  map,  either  in  position 
or  in  elevation,  or  both.  The  choice  of  points  depends  alto- 
gether on  the  character  of  the  survey;  but  since  a  single  holding 


*  This  is  frequently  omitted. 
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of  the  rod  gives  the  three  co-ordinates  of  any  point  withii\  a  radius 
of  a  quarter  of  a  mile,  it  is  evident  the  method  is  complete,  and 
that  all  necessary  information  can  thus  be  obtained.  For  very 
long  sights,  the  partial  wire  intervals  (intervals  between  an  extreme 
and  the  middle  wire)  may  be  read  separately  on  the  stadia,  and 
in  this  way  twice  as  great  a  distance  read  as  the  rod.  was  designed 
for.  The  limit  of  good  reading  is,  however,  usually  determined 
by  the  state  of  the  atmosphere,  rather  than  by  the  length  of  the 
rod.  When  the  air  is  very  tremulous,  good  readings  cannot  be 
made  over  distances  greater  than  500  feet;  while,  when  the  atmo- 
sphere is  very  steady,  2000  feet  may  be  read  with  equal  facility. 

Before  the  instrument  is  removed  from  the  first  station,  the 
forward  stadia  man  selects  a  suitable  site  for  the  next  instrument 
station  (generally  called  stadia  statioriy  and  marked  A,  and 
drives  a  peg  or  hub  at  this  point.  This  peg  is  to  be  marked  in 
red  chalky  with  its  proper  number,  and  should  have  a  taller  mark- 
ing-stake driven  by  the  side  of  it.  The  peg  for  the  A  should 
be  large  enough  to  be  stable;  for  it  must  serve  as  a  reference 
point,  both  in  position  and  elevation,  during  the  period  of  the 
survey.  It  is  often  desirable  to  start  a  branch  line,  or  to  duplicate 
some  portion -of  the  work,  with  one  of  these  stations  as  the  starting- 
point;  and,  since  each  A  is  determined  in  position  and  elevation, 
with  reference  to  all  the  others,  one  can  start  a  branch  line  from 
one  of  these  as  readily  as  from  a  triangulation  station.  It  is 
not  usually  necessary  to  put  a  tack  in  the  top,  but  the  centre 
may  be  taken  as  the  point  of  reference.  The  stadia  man  first 
holds  his  stadia  carefully  over  the  centre  of  this  A  with  its  face 
towards  the  instrument.  The  observer  now  reads  the  distance 
and  puts  the  middle  horizontal  wire  at  a  point  on  the  rod  equal 
to  the  present  HI,  or  if  this  is  not  convenient,  he  notes  and 
records  the  height  on  the  rod  to  which  he  sights  the  middle  cross 
wire.  At  a  given  signal  from  the  instrument  man  the  rodman 
now  turns  the  edge  of  the  rod  toward  the  observer  so  that  a  more 
accurate  azimuth  can  be  secured. 

It  is  advisable,  in  good  work,  to  reorient  and  relevel  the  instru- 


294  SURVEYING 


ment  jusj  before  reading  to  the  forward  A.  The  transit  is  very 
apt  to  get  out  of  level  after  being  used  for  some  time,  with  more 
or  less  stepping  around  it,  and  the  limb  may  have  shifted  slightly 
on  the  axis,  both  of  which  might  be  so  slight  as  to  make  no  material 
difference  for  the  side  readings,  but  which  would  be  important 
in  the  continued  line  itself.  It  is  best,  therefore,  to  level  up 
again,  and  reset  on  the  back  station,  before  reading  to  the  for- 
ward one.  If  immediately  after  orienting  the  transit  the  azimuth 
to  some  prominent  point  be  taken  and  recorded,  the  instrument 
can  be  reoriented  on  this  point  without  sending  the  rodman  to 
the  back  sight.    This  will  save  considerable  time. 

When  the  instrument  is  moved,  it  is  set  up  over  the  new  sta- 
tion, and  the  new  height  of  instrument  determined  and  recorded. 
After  reading  the  distance  and  setting  the  horizontal  wire  for  the 
vertical  angle  on  the  back  sight  the  rear  stadia  man  holds  his 
rod,  edgewise,  on  the  station  just  left;  and  by  this  the  observer 
orients  his  instrument,  making  vernier  A  read  i8o°  different  from 
its  previous  reading  on  this  line}  Clamping  the  plates  at  this 
reading,  the  telescope  is  turned  upon  the  rod  on  the  back  station, 
and  the  lower  plate  clamped  for  this  position.  The  circle  is  now 
oriented,  so  that,  for  a  zero  reading  of  vernier  -4,  the  telescope 
points  south. 

//  wiU  be  noted  that  the  telescope  is  never  reversed  in  this 
work,^ 

226.  Check  Readings.  The  distance  and  vertical  angle 
should  both  be  reread,  on  this  back  reading,  for  a  check.  If  the 
vertical  circle  is  not  in  exact  adjustment,  this  second  reading 
of  the  vertical  angle  will  show  it,  for  the  numerical  value  of  the 
angle  should  be  the  same,  with  the  opposite  sign.  If  they  are 
not  the  same,  then  the  numerical  mean  of  the  two  is  the  true 
angle  of  elevation,  and  the  difference  between  this  and  the  real 
readings  is  the  index  error  of  the  vertical  circle.     This   error 

'  For  the  manner  of  setting  the  vernier  on  lxi(  k  sight  see  Art.  91,  p.  87. 
'  The  reversal  would  introduce  errors  due  to  lack  of  adjustment,   without 
any  substantial  gain. 


METHODS  OF   PLANE  SURVEYING  295 

may  be  corrected  in  the  reduction,  or  the  vernier  on  the  vertical 
circle  may  be  adjusted. 

The  second  reading  of  the  vertical  angle  on  the  stadia  stakes 
is  thus  seen  to  furnish  a  constant  check  on  the  adjustment  of  the 
\'ertical  circle,  and  should  therefore  never  be  neglected.  If  the 
circle  is  out  of  adjustment  by  a  small  amount,  as  one  minute 
or  less,  in  ordinary  work  it  would  not  be  necessary  either  to  adjust 
it  or  to  correct  the  readings  on  side  shots,  for  the  elevations  of 
contour  points  are  not  required  with  such  extreme  accuracy. 
The  mean  of  the  two  readings  on  stadia  stakes  would  still  give 
the  true  difference  of  elevation  between  them,  so  that  there  would 
be  no  continued  error  in  the  work. 

The  work  proceeds  in  this  manner  until  the  next  triangulation 
station  is  reached.  In  coming  to  this  station,  it  is  treated  exactly 
as  any  other  stadia  station,  viz.,  the  forward  reading  to  it,  and 
the  back  reading  from  it,  are  identical  with  those  of  any  two 
consecutive  stations.  Having  thus  occupied  the  second  triangu- 
lation station,  and  having  oriented  the  instrument  on  the  last 
turning  point,  turn  the  telescope  upon  some  other  triangulation 
station  whose  azimuth  from  this  one  is  known.  The  reading 
of  vernier  A  for  this  pointing  should  be  this  azimuth,  and  the 
difference  between  this  reading  and  the  known  azimuth  of  the 
line  is  the  accumulated  error  in  azimuth  due  to  carrying  it  over 
the  stadia  line.  This  error  ^  in  good  work  should  not  exceed 
five  minutes  in  the  course  of  two  or  three  miles. 

The  check  in  distance  is  to  be  found  from  plotting  the  line, 
or  from  computing  the  co-ordinates  of  the  single  triangulation 
line,  and  also  of  the  meandered  line,  and  comparing  the  results. 
The  elevations  are  checked  by  computing  the  elevation  of  the 
new  triangulation  station  from  the  stadia  line,  and  comparing  this 
with  the  known  elevation  from  the  line  of  levels.  In  case  the 
elevations  of  the  triangulation  stations  are  not  given,  but  only 
certain  B.M.'s  in  their  vicinity,  then  the  check  can  be  made  on 

*To  secure  as  accurate  work  as  this  the  bubble  and  horizontal  axis  adjust- 


roent  should  be  carefully  made,  especially  in  hilly  country. 
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these  just  the  same.  Thus,  in  starting,  read  the  stadia  on  the 
neighboring  B.M.,  and  from  this  vertical  angle  compute  the  ele- 
vation of  the  A  over  which  the  instrument  sets,  and  then  proceed 
as  before.  In  a  similar  manner,  the  check  for  elevation  at  the 
end  of  the  line  may  be  made  on  a  B.M.  as  well  as  on  the  stadia  A. 

227.  Azimuth  Checks.  After  the  instrument  is  oriented  at 
each  new  station,  the  needle  should  be  read  as  a  check  as  follows: 
After  orienting  make  the  A  vernier  read  180°  or  true  north,  when 
the  needle  should  read  the  declination  of  the  place.  To  enable 
the  observer  to  locate  large  errors  in  azimutTi  or  distance,  or 
both,  it  is  a  good  practice  to  take  azimuth  readings  to  a  comn\on 
object  from  a  series  of  consecutive  stations,  if  such  be  possible. 
If  the  plot  does  not  close,  go  back  and  plot  in  these  azimuths; 
and  if  there  has  been  no  error  in  azimuth  or  distance  between 
A's,  and  no  error  in  reading  the  azimuths  for  these  stations,  then 
all  these  lines  will  meet  in  a  common  point  on  the  plot.  If  all 
but  one  intermediate  line  meet  at  a  point,  then  the  error  probably 
was  in  reading  the  azimuth  of  this  pointing  alone.  If  several  of 
the  first  pointings  intersect  in  a  point,  and  the  remaining  pointings 
of  the  set  taken  to  this  object  intersect  in  another  point,  then 
it  is  highly  probable  that  the  error  was  in  reading  the  azimuth 
or  distance  of  the  line  connecting  these  two  sets  of  A's;  and  the 
relative  position  of  the  points  of  the  intersection  will  enable  the 
topographer  to  decide  whether  the  error  was  in  azimuth  or  distance, 
and  about  how  much.  If,  in  this  way,  the  error  be  located,  the 
instrument  can  be  taken  to  this  point,  and  the  readings  retaken. 

228.  Reducing  the  Field  Notes.  The  following  order  of 
making  the  office  computations  is  a  convenient  one : 

1.  (Unless  the  stadia  interval  is  100.)  Reduce  stadia  read- 
ings to  stadia  distance  by  use  of  an  interval  table  (see  page  222). 

2.  Compute  the  horizontal  and  vertical  components  of  the 
stadia  distances,  using  a  diagram  or  some  approved  stadia  slide 
rule,*  and  record  in  proper  column. 

*  Colby's,  Webb's  or  Cox's  can  l)e  bought  of  instrument  makers,  and  are  fully 
described  in  the  manufacturers*  ( atalogucs. 
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3.  Compute  the  elevations  of  all  turning  points  in  the  circuit 
(H.  I/s  may  be  included)  and  record  the  adjusted  values  in  red 
ink. 

4.  Compute  the  elevations  of  all  side  shots  based  upon  the 
adjusted  elevations  of  the  turning  points. 

5.  Table  the  survey  and  balance  the  latitudes  and  departures.^ 
Compute  the  co-ordinates  of  each  turning  point.  The  last  step  is 
frequently  omitted.  In  this  case  the  points  on  the  traverse  are 
plotted  by  polar  co-ordinates,  the  check  in  the  closure  of  the  trav- 
erse being  considered  sufficient.^ 

Page  299  is  a  sample  of  the  field  Aotes  and  office  reductions. 
The  use  of  a  stadia  slide  rule  or  a  stadia  diagram  results  in  a 
great  saving  in  time  and  effort.  The  former  solves  one  or  both 
of  the  following  equations  for  horizontal  and  vertical  components, 

d=KS  cos?  V 
KSsm2V 


and  A  = 


229.  Stadia-Reduction  Diagrams.^  The  stadia-reduction 
diagram  can  be  purchased  in  the  market  or  constructed  as 
follows:  Omitting  any  consideration  of  the  f-\-c  correction  in  the 
stadia  formula  Eqs.  (7)  and  (8),  p.  283,  the  horizontal  com- 
ponent of  any  stadia  distance  for  any  given  vertical  angle  is 
proportional  to  the  distance.  Obviously  the  corrections  for 
horizontal  will  likewise  be  proportional  to  the  distance.  To 
construct  a  diagram  which  will  give  the  corrections  for  horizontal 
a  distance  equal  Jo  the  longest  probable  shot,  say,  1000  feet, 
is  laid  off  to  scale  on  cross-section  paper,  as  in  Fig.  iji.  Some 
angle,  as  20°,  is  then  selected,  and  then  from  Table  V,  p.  846, 
is  taken  the  correction  for  this  angle  and  distance  which  will  reduce 

*  On  the  Great  Lakes  Survey  any  traverse  circuit   showing  a  greater  error 
than  I  in  750  is  rerun. 

*  This  method  is  used  on  the*  Mississippi  and  Missouri  River  Commission. 

*  See  note  bottom  page  319. 
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the  stadia  distance  to  the  true  horizontal.  This  correcticm,  30.2 
feet,  is  then  laid  off  to  scale  at  right  angles  to  the  distance  line 
at  B.  Let  C  be  the  plat  of  the  point.  Then  if  C  be  connected 
with  ^  by  a  straight  line,  the  correction  for  any  other  distance 
on  this  angle  will  be  given  by  the  ordinate  to  the  line  CA  at  the 
proper  distance  on  AB,  Similar  lines  should  be  drawn  for  eax:h 
degree  within  the  required  limits. 

In  the  same  manner  a  diagram  may  be  constructed  to  give 
differences  of  elevations  (see  Fig.  112).     Here,  however,  it  v\rill 
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Fig.  112. 
Stadia  Reduction  Diagrams. 

be  necessary  to  draw  not  only  the  degree  lines,  but  also  the  ten- 
rm'nute  divisions,  in  order  that  the  elevations  may  be  estimated^ 
with  sufficient  exactness.  Thus  from  Table  V,  p.  846^  for  a  dis- 
tance of  1000  feet  and  a  vertical  angle  of  5°  we  take  86.8  feet  as 
the  difference  of  elevation.  This  is  laid  off  at  D  to  the  scale  of  the 
diagram,  giving  point  £,  which  is  then  connected  with  O  by  a 
straight  line.  Below  5°  the  ten-minute  lines  can  be  interpolated 
between  the  even  degrees  without  appreciable  loss  of  accuracy. 

All  stadia  slide  rules  are  accompanied  with  full  explanations 
and  directions  for  use.  A  few  minutes  of  practice  is  sufficient 
to  insure  a  full  understanding  of  their  use. 
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The  ax:curacy  which  may  be  expected  in  the  closure  of  eleva- 
tkms  in  a  given  circuit  is  given  in  Art.  235.  If  the  closing  error 
in  levels  is  distributed  over  the  circuit,  the  adjusted  values  should 
greatly  improve  the  work. 
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Notes  begin  at  bottom  of  page 


Explanalion  of  Field  Notes.  On  the  right-hand  page  a  sketch 
showing  the  location  of  each  numbered  stadia  shot  should  be 
drawn.  It  will  very  frequently  be  convenient  to  haye  the  notes 
recorded  from  the  bottom  of  the  page  up.  The  reason  for  this 
is  that  if  not  done,  the  note  book  must  be  held  upside  down  in 

*  These  H.  I-*s  are  based  on  the  average  of  the  two  determinations  of  the 
difference  of  level,  viz.,  on  B.  S.  and  F.  S. 
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order  to  make  the  points  in  the  sketch  correspond  with  the  points 
in  the  ground.     This  would  apply  in  the  case  of  a  survey  of  a 
road,  for  example.     When  the  traverse  is  closed,  and  the  entire 
sketch  c^n  be  completed  on  a  single  page,  the  notes  may  as  w^ell 
increase  downward.     The  first  method  is  shown  in  the  sample 
notes,  but  because  of  lack  of  room  the  sketch  has  been  omitted. 
The  sketch  should  show  what  each  shot  locates,  a  building,    a 
road,   etc.;    and   in   addition   the   contours   should   be   roughly 
sketched  in  order  that  the  full  topographical  significance  of  each 
location  may  be  seen.     In  general,  time  will  be  saved  if  the 
maximum  and  minimum  elevations  are  located  with  only  such 
additional   locations  as  may  determine  the  changes  in  slopes. 
The  form  of  notes  ^  shown  is  suitable  for  a  comprehensive  sur\'ey, 
and  might  be  modified  by  omitting  the  first  and  eighth  columns. 
The  field  work  makes  use  of  colunms  i,  2,  3,  4,  and  6  only.     The 
stadia  rod  readings  when  reduced  to  distance  by  the  use  of  an 
interval  table  are  recorded  in  colunrn  5.     The  figures  in  paren- 
theses, column  5,  are  the  horizontal  components  of  the  stadia 
distances.     Column   7   contains   the  vertical  components,  while 
column  8  shows  the  height  of  instrument  above  the  datum  plane. 
If  the  distance  of  the  horizontal  axis  above  each  A  station  is 
recorded  in  colunrn  i,  it  will  be  seen  that  the  notes  provide  for 
two  entirely  independent  lines  of  levels. 

In  practice,  except  in  cases  of  obvious  error,  the  two  differ- 
ences of  level  are  averaged  to  compute  the  elevation  of  the  fore- 
sight. Where  possible,  level  readings  should  be  taken  instead  of 
vertical  angles,  because  these  subtracted  from  the  H.  I.  (colunrn  8) 
give  at  once  the  elevations  of  the  points  sighted.  Such  level 
readings  are  recorded  in  column  7. 

In  wooded  country  it  is  frequently  impossible  to  sight  on 
the  rod  at  a  point  equal  to  the  H.  I.  of  the  transit  (see  shots  41 
and  42).  In  such  cases  the  point  sighted  (as  10  feet)  by  the 
middle  cross  wire  is  recorded  just  above  the  vertical  angle.     In 

*  This  form  of  field  book  can  be  purchased  of  the  University  Co-operative  Co., 
Madison,  Wis. 
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a  -i-  vertical  angle  if  this  distance  be  subtracted  from  the  com- 
puted vertical  component,  such  remainder,  when  added  to  the 
H.  L  (column  8),  gives  the  elevation  of  the  point  direct.  Thus 
in  shot  No.  41,  the  Ver.  Comp.  is  28.12,  this  less  10  gives  the  true 
vertical  distance  between  the  H.  I.  and  the  bottom  of  the  rod 
(i.^.,  the  ground),  18.12.  This  added  to  103.82,  the  H.  I.,  gives 
121.94,  the  elevation.  With  the  vertical  angle  of  —14°  10' 
(shot  No.  42),  the  computed  vertical  component  is  23.73,  to 
which  we  add  10,  giving  33.73  as  the  true  diflference  of  level 
between  the  ground  and  the  H.  I.  of  the  instrument.  Then 
103.82  minus  33.73  gives  70.09  for  the  ground  elevation. 

In  general,  however,  when  reading  vertical  angles,  it  saves 
time  to  sight  at  the  point  on  the  rod  equal  to  the  H.  I.  above  the 
station  occupied.  The  vertical  components  of  vertical  angles 
so  computed  are  to  be  combined  directly  with  the  elevation  of 
the  station  occupied  to  get  the  elevations  of  the  ground.^  Crowded 
notes  are  rarely  clear.  It  will  be  found  that,  if  every  other  line 
only  be  used,  like  the  sample  notes  on  page  299,  much  clearer 
notes  will  result. 

Beginners  are  likely  to  underestimate  the  importance  of  a 
sketch,  but  the  experienced  man  never  slights  this  part  of  the 
work.  After  a  little  practice  it  can  be  drawn  rapidly.  A  good 
sketch  with  a  few  well-chosen  locations  makes  a  more  truthful 
map  and  at  less  cost  than  a  poor  sketch  with  many  more  loca- 
tions. In  many  cases  of  land  surveying  the  entire  notes  may  be 
recorded  most  clearly  on  a  carefully  drawn  sketch. 

230.  Plotting  of  the  Stadia  Line.  It  is  customary  to  first 
plot  the  stadia  traverse  alone,  from  one  triangulation  station  to 
the  next,  to  find  whether  or  not  it  checks  within  reasonable 
limits.  This  part  of  the  work  should  be  done  with  extreme  care, 
so  that  if  it  does  not  check  it  cannot  be  attributed  to  the 
plotting.     In  case  it  does  not  check  within   the  desired  limit, 


*  The  student  should  hand  in  diagrams  showing  the  geometrical   proof  of 
the  above  statements. 
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then  the  line  of  investigation  will  be  about  as  follows  until  the 
error  is  found. 

I  St.  Replot  the  stadia  line. 

2d.  Recompute  and  replot  the  triangulation  line. 

3d.  By  examining  the  discrepancy  on  the  plot,  try  to  decide 
whether  the  error  is  in  azimuth  or  distance,  and,  if  possible, 
where  such  error  occurred,  and  its  amount. 

4th.  Examine  the  note  book  carefully,  and  see  if  there  is  any 
evidence  of  error  there. 

5th.  If  there  is  a  large  probability  that  the  error  is  of  a  certain 
character,  and  that  it  occurred  at  a  certain  place,  take  the  instru- 
ment to  that  station,  set  it  up,  and  redetermine  the  azimuths  or 
distances  which  seem  to  be  in  error. 

6th.  If  there  is  no  high  probability  of  any  certain  errors  to 
be  examined  for  in  this  way,  then  go  back  and  run  the  line  over, 
taking  readings  on  A's  only.  If  the  elevations  had  been  found 
to  check,  the  vertical  angles  may  be  omitted  on  this  duplicate 
line;  and,  on  the  other  hand,  if  the  plot  came  out  all  right,  but 
the  elevations  could  not  be  made  to  check,  then  a  duplicate  line 
must  be  run  to  determine  this  alone;  and  in  this  case  the  vertical 
angles  between  A's  are  all  that  need  be  read.  In  cases  of  this 
kind  it  will  be  found  a  great  help  to  Have  the  A's  so  well  marked 
that  they  can  be  readily  found. 

With  reasonable  care  in  reading  and  in  the  handling  of  the 
instrument,  it  will  never  be  necessary  to  duplicate  a  line  entire, 
for  all  readings  between  A's  are  checked.  The  vertical  angles 
and  distances  are  checked  by  reading  them  forward  and  Imck 
over  every  stadia  line;  and  the  azimuth  is  checked  by  the  needle 
readings,  and  also  when  the  second  triangulation  station  is 
reached. 

If,  in  the  progress  of  the  work,  the  readings  on  the  back  i^ 
for  distance  and  vertical  angle  do  not  fairly  agree  with  these 
quantities  as  read  from  the  previous  station,  the  recorder  should 
note  the  fact:  and  the  observer  should  then  re-examine  these 
readings;  and,  if  found  to  be  right,  the  first  readings,  taken  from 
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the  other  station,  should  be  questioned,  and  the  mean  not  taken 
in  the  reduction. 

For  plotting  the  stadia  lines  a  parallel  ruler  (moving  on 
rollers)  is  very  desirable;  otherwise,  triangles  must  be  used. 
The  plotting  is  done  by  setting  the  parallel  ruler  or  triangle  on 
the  proper  azimuth  as  found  from  the  protractor  printed  on 
the  sheet,  moving  it  parallel  to  itself  to  the  station  from  which 
the  point  is  to  be  plotted,  and  drawing  a  pencil  line  in  the  right 
direction.  Then,  with  a  triangular  scale, — or,  better,  with  a 
pair  of  dividers  and  a  scale  of  equal  parts, — lay  off  the  correct 
distance  on  this  line;   and  this  gives  the  point. 

If  the  instrument  was  oriented  in  the  field  for  a  zero  reading 
for  a  south  pointing,  then  the  protractor  on  the  sheet  must  have 
its  south  point  marked  zero,  and  increase  around  to  360°  in  the 
same  direction  in  which  the  limb  of-  the  instrument  increases, 
preferably  in  the  direction  of  the  movement  of  the  hands  of  a 
watch. 

231.  Plotting  the  Side  Readings.  Having  plotted  the  stadia 
traverse  and  made  it  check,  the  next  step  is  to  plot  the  side 
readings.  This  can  be  done  by  using  any  of  the  paper  protractors 
in  the  market.  Perhaps  the  cheapest  and  most  convenient 
paper  protractor  is  one  devised  by  Professor  David  A.  Molitor 
in  1908  and  illustrated  in  Fig.  113.  This  protractor  is  printed 
on  cardboard  which  should  be  cut  out  on  the  marked  lines, 
leaving  a  small  triangular  piece  adjacent  to  the  centre.  The 
protractor  swings  on  a  fine  sewing  needle,  the  hole  for  which 
may  be  cut  out  and  replaced  by  a  piece  of  transparent  celluloid. 
If  other  scales  should  be  needed,  flat  boxwood  scales  can  be 
glued  on  jover  the  printed  scale.  The  protractor  is  6  inches  in 
diameter. 

The  manner  of  use  is  very  simple.  A  meridian  line  is  drawn 
through  the  plot  of  the  station  from  which  the  side  shots  were 
taken,  and  the  protractor  centred  over  the  same  point.  The 
protractor  is  then  rotated  about  this  centre,  until  the.  meridian 
reads  the  recorded  azimuth.    The  protractor  arm  is  now  pointing 
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along  this  azimuth  so  that  the  point  can  be  plotted  at  the  proj>er 
distance,  which  is  read  directly  on  the  arm. 


^%. 


Fig.  113 — Molitor's  Protactor. 

A  special  form  of  protractor,  shown  in  Fig.  114,  has  also  been 
used  with  great  success  in  France  and  on  the  Mississippi  River 
surveys. 
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It  is  essentially  a  semicircular  protractor,  provided  with  a 
needle-pointed  pivot  at  its  centre,  and  having  the  straight  edge 


graduated  so  that  distances  can  be  measured  off  each  way  from 
the  pivot;  the  angular  deflection  is  given  by  the  graduated  circle, 
reading  from  a  point  marked  on  the  paper.    The  bottom  of  the 
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plate  is  flush  with  the  bottom  of  the  protractor,  and  the  hole  /*" 
is  at  the  centre,  and  should  be  only  large  enough  to  admit  a  fine 
needle.  The  screw  D  has  a  hole  drilled  in  its  axis  to  admit  the 
needle  point.  It  is  also  split,  so  that  when  it  is  screwed  down 
it  will  clamp  the  needle  firmly.  If  the  latter  is  broken,  it  can 
readily  be  replaced  by  a  new  one.  In  addition  to  the  scale  on 
the  bevelled  edge,  a  diagonal  scale  is  also  provided  as  shown. 
This  instrument  combines  all  the  requisites  for  rapid  and  accurate 
plotting  of  points  located  by  polar  co-ordinates  or  by  intersections. 

In  using  this  protractor  the  needle  point  is  placed  at,  say, 
the  first  station,  and  pressed  firmly  down.  A  meridian  line  is 
then  decided  upon,  and  a  point  is  marked  on  it  at  the  outer  edge 
of  the  protractor  circle.  This  will  be  the  initial  point  from  which 
the  angles  will  be  read.  As  azimuth  is  read  from  the  south 
around  by  the  west,  it  is  plain  that  the  circle,  numbered  as  shown 
and  revolved  about  the  pivot  till  the  proper  reading  coincides 
with  the  meridian  line,  will  give  the  direction  of  the  required 
point  along  the  graduated  diameter,  while  from  the  latter  the 
distance  can  be  pricked  off.  A  point  can  be  plotted  in  any 
direction  without  lifting  the  protractor  from  its  position. 

The  price  of  this  protractor,  $12.50,  is  quite  in  striking  contrast 
with  the  paper  protractor  illustrated  in  Fig.  113.  It  is  difficult 
not  to  soil  the  drawing  in  using  this  or  any  other  metal  protractor. 
On  the  other  hand  experience  indicates  that  practically  as  good 
work  can  be  done  with  the  cheap  paper  protractor  as  with  the 
expensive  metal  one. 

Still  other  methods  are  employed  for  plotting  the  side  shots, 
such  as  solid  half-circle  protractors,  of  paper  or  horn,  weighted 
in  position,  with  their  centres  over  the  station.  This  is  oriented 
on  a  meridian  drawn  through  the  point,  and  then  all  the  points 
plotted  whose  azimuth  falls  between  0°  and  180°,  when  the  pro- 
tractor is  laid  over  on  the  other  side,  and  the  remaining  points 
plotted.  In  this  case  the  ruler  is  laid  across  the  protractor,  with 
some  even  division  at  the  station.  This  method  is  more  trouble- 
some, less  rapid,  and  defaces  the  drawing  more,  than  the  other 
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methods  given  above.  The  plotter  should  have  an  assistant  to 
read  off  to  him  from  the  note  book.  When  all  the  elevations  have 
been  plotted,  the  contour  lines  are  sketched  in. 

The  plotting  should  keep  pace  with  the  field  work  as  closely 
as  possible,  being  done  at  night  and  at  other  times  when  the 
field  work  is  prevented  or  delayed.  In  difficult  ground  the  map 
could  be  carried  into  the  field  and  the  contours  sketched  in  on 
the  ground.  At  least  the  stadia  lines  should  be  plotted  up  and 
checked  before  the  observer  leaves  the  immediate  locality.  Where 
the  elevations  are  checked  on  B.M.'s,  these  checks  should  be 
immediately  worked  out.  This  much,  at  least,  could  be  done 
each  evening  for  that  day's  work. 

232.  Contour  Lines.  In  engineering  drawings  the  configu- 
ration of  the  surface  is  represented  by  means  of  contour  lines. 
A  contour  line  is  the  projection  upon  the  plane  of  the  paper  of. 
the  intersection  of  a  horizontal,  plane  with  the  surface  of 
the  ground.  These  cutting  level  planes  are  taken,  5,  10, 
20,  50,  or  100  feet  apart  vertically,  beginning  with  the  datum 
plane,  which  is  usually  taken  below  any  point  in  the  sur- 
face of  the  region.  (See  Fig.  115.)  Mean  sea  level  is  the  uni- 
versal world's  datum  which  should  always  be  used  when  a 
reasonably  accurate  connection  with  the  sea  can  be  obtained.^ 
Such  contour  lines  are  also  shown  on  Plate  II.  The  proper 
drawing  of  these  contours  requires  some  accurate  knowledge  of 
the  surface  to  be  depicted,  aside  from  the  elevations  of  isolated 
points  plotted  on  the  map.  This  knowledge  may  consist  of  a 
vind  mental  picture  of  the  ground,  derived  from  personal  obser\a- 
tion,  or  it  may  be  gained  from  sketches  made  upon  the  ground. 
Even  with  this  knowledge  the  draughtsman  must  keep  vividly  in 
mind  the  true  geometrical  significance  of  the  contour  line,  in 
order  to  properly  depict  the  surface  by  this  means.  The  ability 
to  draw  the  contour  lines  accurately  on  a  field  sheet  is  the 
severest  test,  of  a  good  topographer.     They  are  first   sketched 


*  See  in  Chapter  XVII,  "  Precise  Levelling,"  Art.  494. 
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and  adjusted  in  pencil  and  then  may  be  drawn  in  ink.     Fig.  ii6 
shows  a  landscape  and  the  corresponding  sketch. 

A  few  fundamental  principles  may  be  stated  that  will  asist 
the  young  engineer  in  mastering  this  art. 

1.  All  points  in  one  contour  line  have  the  same  elevation 
above  the  datum  plane. 

2.  Where  ground  is  uniformly  sloping  the  contours  must 
be  equally  spaced,  and  where  it  is  a  plane  they  are  also  straight 
and  parallel. 


Fig.  115. — Contour  Projection. 

3.  Contour  lines  never  intersect  or  cross  each  other,  except 
in  case  of  a  cave  in  a  side  hill. 

4.  Every  contour  line  must  either  close  upon  itself  or  extend 
continuously  across  the  sheet,  disappearing  at  the  limits  of  the 
drawing.  It  cannot  have  an  end  within  these  limits  (an  apparent 
exception,  though  not  really  one,  is  the  following). 

5.  No  contour  should  ever  be  drawn  directly  across  a  stream 
or  ravine.  The  contour  comes  to  the  bank,  turns  up  stream, 
and  disappears  in  the  outer  stream  line.  If  the  bed  of  the  stream, 
or  ravine,  ever  rises  above  this  plane,  then  the  contour  crosses 
it;    but  in  the  case  of  a  stream  the  crossing  is  n^er  actually 
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shown.    In  the  case  of  a  ravine  the  crossing  is  shown,  if  points 
have  been  established  in  its  bed. 

6.  Where  the  contour  closes  upon  itself,  the  included  area 
is  either  a  hilltop  or  a  depression  without  outlet  If  the  latter, 
it  would  in  general  be  a  pond  or  lake.    In  other  words,  such 


Fig.  ii6. — Contour  Sketch.     (Wilson's  "  Topographic  Surveying.") 


contours  enclose  either  maximum  or  minimum  points  of  the 
surface. 

7.  If  a  higher  elevation  seems  to  be  surrounded  by  lower 
ones  on  the  plot,  it  is  probably  a  summit;  but  if  a  lower  elevation 
seems  to  be  surrounded  by  higher  ones,  it  is  probably  a  ravine. 
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or  else  an  error;    otherwise  it  is  a  depression  without  outlet, 
in  which  case  there  would  probably  be  a  pool  of  water  shown. 

8.  Contour  lines  cut  all  lines  of  steepest  declivity,  as  well  as 
all  ridge  and  valley  lines,  at  right  angles. 

9.  Maximum  and  minimum  ridge  and  valley  contours  must 
go  in  pairs;  that  is,  no  single  lower  contour  line  can  intervene 
between  two  higher  ones,  and  no  single  higher  contour  line  can 
intervene  between  two  lower  ones. 

10.  Vertical  sections,  or  profiles,  corresponding  to  any  line 
across  the  map,  straight  or  cur\'ed,  can  be  constructed  from  a 
contour  map,  and  conversely  a  contour  map  may  be  drawn  from 
the  profiles  of  a  sufficient  number  of  lines. 

11.  Each  contour  is  designated  by  its  height  above  the  datum 
plane,  as  the  50-foot  contour,  the  60-foot  contour,  etc.  In  flat 
country,  where  the  contour  lines  are  few  and  wide  apart,  alwa)rs 
put  the  number  of  the  contour  on  the  higher  side,  otherwise  it 
sometimes  may  be  impossible  to  tell  on  which  side  is  the  higher 
ground. 

12.  In  taking  surface  elevations  for  determining  contour 
lines,  points  should  always  be  taken  on  the  ridge  and  valley 
lines,  and  at  as  many  intermediate  points  as  may  be  desirable. 
There  are  two  general  systems  of  selecting  these  points.  By 
one  system  points  are  chosen  approximately  in  lines  or  sections 
cutting  the  contours  about  at  right  angles,  the  critical  points 
being  the  tops  and  bottoms  of  slopes;  while  by  the  other  system 
points  are  selected  nearly  in  the  same  contour  line, — that  is,  on 
the  same  horizontal  plane, — the  critical  points  being  the  ridge  and 
valley  points,  these  being  the  points  of  maximum  and  opposite 
cur\'ature  in  the  contour  lines  themselves.  By  the  second  method 
one  or  two  principal  contours  may  be  followed  continuously, 
the  points  being  taken  as  nearly  as  may  be  on  these  contour 
lines.  If  such  principal  contours  are  50  feet  apart,  then  when 
these  are  accurately  drawn  on  the  map,  any  desired  number 
of  additional  contours  may  be  interpolated  between  the  principal 
ones. 


METHODS  OF  PLANE  SURVEYING-  3U 

Some  of  the  above  principles  are  illustrated  in  the  contour 
map'  shown  in  Fig.  117. 

233.  The    Final    Map.^    The    field    sheets  are  drawn   as 


described  above,  in  pencil,  or  partly  in  pencil  and  partly  in  ink, 
or  wholly  in  ink,  according  to  the  use  to  be  made  of  them.     If 


'  This  has  bfcn  prepam 
ducted  for  the  L'.  S.  O.  S. 
'  Sec  also  Appendix  G. 
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they  are  simply  to  serve  as  the  embodiment  of  the  field  survey, 
to  be  used  only  for  the  construction  of  the  final  maps,  they  are 
usually  left  in    pencil,   a  6-H  pencil    being  used.     The    field 
sheets  are  usually  small,  about  18x24  inches.     The  final  sheets 
may  be  of  any  desired  size.     Usually  several  field  sheets   are 
put  on  one  final  sheet,  which  will  be  worked  up  wholly  in  ink, 
or  color,  the  scale  remaining  the  same.     The  work  on  the  field 
sheet  is  then  simply  transferred  to  the  final  sheet  by  the  most 
convenient  means   available.     Tracing  paper   (not   linen)    nnay 
be  used.     This  is  carefully  tacked  or  weighted  down  over  the 
field  sheets,   and   the  principal   features,   such  as  triangulation 
stations,  stream  and  contour  lines,  roads,  buildings,  fence  lines, 
etc.,  are  traced  in  ink.     The  tracing  paper  is  then  removed  and 
laid  upon  the  final  sheet,  orienting  it  by  making  the  triangula- 
tion  stations   on   the   tracing   coincide   with   the   corresponding 
stations  on  the  final  sheet,  where  they  have  been  carefully  plotted 
from  the  triangulation  reduction.     All  the  matter  on  the  tracing 
may  now  be  transferred  to  the  paper  beneath  by  passing  over 
the  inked  lines  with  a  dull  point,  bearing  down  hard  enough  to 
leave  an  impression  on  the  paper  below.     If  preferred,  the  tracing 
may  have  its  under  surface  covered  with  plumbago  (soft  pencil 
scrapings),  after  the  tracing  is  made,  and  then  with  a  very  gentle 
pressure  of  the  tracing  point  will  leave  a  light  pencil  line  on  the 
final  sheet.     In  either  case,  when  the  tracing  is  removed,  the^e 
lines  may  be  inked  in  on  the  final  sheet. 

If  the  map  is  to  be  photo-lithographed  it  must  be  drawn 
wholly  in  black,  as  given  in  Plate  III.  If  not,  it  is  best  to  use 
some  color  in  its  execution,  Plate  IV.  The  water  lines  may  be 
drawn  in  blue,  and  the  contours  in  brown  on  arable  land,  and  in 
black  on  barren  or  rocky  land.  In  this  way  the  character  of  the 
surface  may  be  partly  given.  Where  the  slopes  are  very  steep 
the  contour  lines  become  nearly  coincident,  but  to  further  empha- 
size the  uneven  character  of  the  ground,  cross  hatching,  or 
hachures,  may  be  employed  oi\  slopes  greater  than  45*^  from 
the  horizontal.    All  these  conventional  practices  are  illustrated 
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on  Plate  IV,  except  the  use  of  colors,  this  map  having  been 
drawn  for  the  purpose  of  being  photo-lithographed.  Where 
large  areas  of  the  same  symbols  are  to  be  mapped,  they  are 
sometimes  printed  on  the  original  map  by  means  of  specially 
constructed  hand  rollers. 

234.  Topographical  Symbols  are  more  or  less  conven- 
tional^ and  for  that  reason  given  forms  should  be  agreed  upon. 
The  forms  given  in  Plate  IV  were  used  on  all  the  Mississippi 
River  surveys  made  under  the  Commission,  and  are  recom- 
mended as  being  elegant  and  fairly  representative  or  natural. 
Evidently  the  rice,  cotton,  sugar,  and  wild-cane  sym':)ols  would 
find  no  place  in  maps  of  higher  latitudes.  The  cypress-tree 
symbols  may  be  used  for  pine  to  distinguish  them  from  decid- 
uous growth,  and  the  sugar-cane  symbol  could  be  used  for  com 
if  desired.  •  It  is  not  important  to  distinguish  between  different 
kinds  of  cultivated  crops,  since  these  are  apt  to  change  from 
year  to  year,  but  it  is  sometimes  desirable  to  do  so  to  give  a  more 
varied  and  pleasing  appearance  to  the  map.  The  grouping 
of  the  trees  in  a  large  forest  is  also  varied  simply  for  the  appear- 
ance, to  prevent  monotony.  Colors  are  sometimes  used  in 
place  of  pen-drawn  symbols,  but  these  are  necessarily  so 
very  conventional  as  to  require  a  key  to  interpret  them,  and 
besides,  unless  well  done,  it  makes  the  map  look  cheap  and 
unprofessional. 

235.  Accuracy  of  Stadia  Measurements.  The  attainable 
acctiracy  depends  upon  the  care  taken  in  graduating  the  rod 
(or  in  determining  the  stadia  constants),  and  upon  the  rugged- 
ness  of  the  country  surveyed.  Results  of  surveys  have  shown 
that  a  higher  degree  of  accuracy  is  attainable  in  moderately 
nigged  country  where  the  line  of  sight  passes  at  a  considera- 
ble distance  from  the  ground,  thus  avoiding  the  excessive  and 
irregular  errors  of  differential  refraction.  In  general  it  may 
be  said  that  under  the  most  unfavorable  circumstances  an 
accuracy  i  in  500  is  easily  attained,  while  under  favorable 
circumstances  this  accuracy  may  be  increased  to  i  in  2000  or 
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more.^  The  results  obtained  in  the  U.  S.  Lake  Survey  are  per- 
haps a  fair  average  for  various  conditions.  On  that  survey  any 
circuit  with  a  larger  closure  error  than  i  in  750  is  usually  renin. 
The  later  stadia  work  of  this  great  survey  shows  an  average 
closure  error  of  less  than  i  in  1000.  In  1905-6  11  circuits  averag- 
ing 2.8  miles  in  length  and  using  an  average  course  distance  of 
275  metres  gave  an  error  of  i  in  1520  in  d  stance  and  34"  per 
mile  in  azimuth.  On  the  resurvey  of  Niagara  River  18  stadia 
circuits  averaging  1.3  miles  in  length  and  employing  an  average 
length  shot  of  255  metres  gave  an  average  closing  error  of  i  in 
1450  in  distance  and  i'  25"  per  mile  in  azimuth. 

On  the  Mexican  Boundary  Survey  the  transit  and  stadia 
method  was  used  for  taking  topography  over  1750  square  miles, 
as  well  as  in  all  measurement  of  the  entire  boundary  line.  The 
conditions  under  which  this  work  was  done  were  most  unfavor- 
able for  accuracy,  but  in  a  trial  measurement  of  100  miles  by 
the  stadia  and  the  chain  the  former  was  found,  by  a  comparison 
with  the  true  triangulated  distance,  to  be  far  more  accurate 
than  the  chain.  The  following  table  will  show  the  degree  of 
accuracy  of  both  the  stadia  and  the  chaining  work.  The  heading 
"  corrected  chain,"  as  given  because  the  stadia  detected  the 
dropping  or  addition  of  a  chain  length  six  times  in  this  dis- 
tance. The  error  was  always  found  to  be  in  the  chain  and 
the  record  was  corrected  as  here  given.  This  work  was  on  a 
flat  level  mesa. 

Triangulation  checks  on  stadia  measurements  were  also 
obtained  on  this  survey  along  a  stretch  very  unfavorable  to  accu- 
racy, viz.,  a  succession  of  high  ridges  and  deep  canons,  neces- 
sitating large  vertical  angles  or  sights  of  excessive  length.  The 
following  table  gives  the  results  of  these  checks.^ 


*  For  a  statement  of  the  effect  of  length  of  sight  upon  the  accuracy,  see  Hullciin 
of  the  •University  of  Wisconsin,  Engineering  Series,  Vol.  1,  No.  5,  p.  127,  1S95. 
Also  Kng.  News,  Vol.  XXXIIT,  p.  364,  by  Leonard  S.  Smith. 

'  From  paper  by  Professor  John  L.  Van  Omum,  Vol.  XXXIV,  Am.  Soc. 
C.  K.,  Topography  on  the  U.  S.-Mexican  Boundary. 
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TABLE  OF  DISTANCES  AS  DETERMINED  BY  STADIA,  TRIANGU 

LATION  AND  CHAIN 


Error. 

Stadia. 

Triangulation. 

Corrected  Chain 

Error. 

600 

13171 

13193 

13193 

0 

1 
"'"  19969 

19970 

19969 

19965 

I 
4992 

796 

21473 

21500 

21474 

T 
827 

I 
698 

21598 

21629 

• 

21605 

1 
9CI 

I 
3»03 

22813 

22819 

22804 

I 
1521 

+  -'- 
^639 

49959 

49879 

I 
213S4 

148982 

148989 

TABLE   OF    DISTANCES    AS    DETERMINED    BY    TRIANGULATION 

AND   STADIA 


Triangulation. 


223.6 

411. 7 

757-6 
785.0 

943-8 


86041.3 


Stadia. 


222.7 
412.7 

755 -o 
785.3 
945.5 


983.3 

985.2 

1273.2 

1272.8 

1346.6 

1349.0 

1788.0 

1789.3 

4433. 0 

4446.0 

73095.5 

73056.6 

86020 . 1 


Accumulate*!  Error. 


_  I 
248 

+  -  - 

T 

5^7 

T 

9H9 

I 
6243 

2937 

1977 
'1810 

1^ 

4095 
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Unlike  a  triangular  check,  the  closure  error  of  a  complete 
stadia  circuit  is  a  check  only  on  the  accidental  or  compensating 
errors.  While  for  this  reason,  the  following  table  gives  no  measure 
of  the  constant  or  non-compensating  errors  of  the  linear  measure- 
ments, they  are  valuable  as  showing  the  errors  to  be  expected 
in  similar  field  work.^ 


Number 
of  Lines 

Aggregate 
Lenpitn  of 

Lines 
in  Metres. 

Average 
Length  of 
Courses 
•  in  Metres. 

Average 

Number  of 

Courses 

per  Line. 

Average 

Error 

in  Distance 

on  Closing 

£quals  i  in. 

Average 
Azimuth   Error 

on  Closing 
per  Kilometre 
of  Line  Run. 

29 

49 
28 

12 

111823.2 
280706.8 
290633.9 
143352.0 

253.0 

356.7 

437-7 
580.4 

15-2 
16. 1 

23-7 
20.6 

553 
782 

817 

786 

I'  55" 

I     04 
0     43 
0    37 

118 

826515.9 

386.2 

18. 1 

752 

0    59   -6 

236.  Accuracy  of  Levels  Run  by  the  Stadia  and  Transit. 

The  errors  in  carrying  levels  by  means  of  the  stadia  and  vertical 
angles  is  a  function  of  the  average  vertical  angle  employed.  This 
may  be  seen  from  the  following  tabulation  of  field  work  taken 
from  the  report  of  the  Mexican  Boundary  Survey,  1891-6. 


Number 

of  Lines. 

(Circuits.) 

Aggregate 
Length 
of  Lines. 

Sum  of  the 

V^ertical 
Components 
of  Courses. 

Average 

Vertical 

Angle 

of  Lines. 

Error  in  Eleva- 
tion on  Closing 
per  Kilometre 
of  Line  Run. 

Error 
in  Distance 
on  Closing 
Equals  i  in. 

14 

55 
28 

17 

Metres. 
182960 

338132 
186426 

1 1 2025 

Metres. 
1262.4 
11706. I 
12139.8 
119^0.6 

0       / 

0  24 

1  59 
3     4!? 
6    05 

Feet 
0.17 

■37 
.49 
.59 

Metres. 

0.053 

.III 

.150 

1.810 

741 
842 

'  114               8IQ5I3 

37038.9 

3     3 

.40 

.123 

""■ 

« 

From  the  above  table  it  will  be  seen  that  on  14  circuits, 
averaging  13,070  metres  (8.2  miles),  run  in  rolling  country  and 
employing  a  small  vertical  angle,  the  closing  error  in  elevation 
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was  0.17  feet  per  kilometre;  also  that  the  closing  errors  increase 
quite  rapidly  as  the  average  vertical  angle  increases,  until,  in 
the  most  rugged  country  requiring  an  average  vertical  angle  of 
6°  5/.  17  circuits  averaging  6590  metres  (4.1  miles),  have  a  closing 
error  of  0.59  feet  per  kilometre. 

The  relation  of  error  to  vertical  angle,  as  deduced  from  the 
512  miles  of  closed  stadia  lines  comprising  the  above  table,  is 
b^t  shown  by  the  graphic  curve  in  Fig.  118. 


0.1         OJ         0^        0.4         0.5         0.0        0.'/ 
EimOR  OF  CLOSURE  IN  FEET  PER  KILOMETER 


Fig.  118. 


A  good  example  of  the  use  of  the  transit  and  stadia  method 
in  running  levels  in  city  topographic  surveys  is  found  in  the 
recent  topographic  survey  of  St.  Louis.  In  this  survey  a  transit 
and  stadia  line  was  ryn  over  40  miles  long.  At  twenty-four 
pomts  along  this  circuit  the  line  checked  on  triangulation  points 
and  precise  level  bench  marks  with  the  results  shown  in  the 
following  table. 

The  average  length  of  the  lines  between  check  points  was 
1.7  miles,  and  the  average  error  for  this  distance  was  0.24  of  a 
foot  or  0.18  of  a  foot  per  mile  of  line. 

It  should  be  noted  that  while  the  total  accumulated  error 
in  elevation  for  the  entire  40  miles  was  but  0.64  of  a  foot,  at 
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a  point  on  the  line  distant  20  miles  from  the  beginning  the  error 
in  elevation  was  zero,  while  in  7  miles  more  it  was  over  twice  the 
error  at  the  end  of  the  circuit,  thus  emphasizing  the  fact  that  the 
errors  in  such  work  tend  to  compensate. 

RESULTS   OF   LEVELLING    BY   THE   STADIA   METHOD, 
as  obtained  on  the  St.  Louis  Topographical  Survey. 


Station. 

Azimuth 
Error. 

Accumulated 

Error 

In  Elevation 

in  Feet. 

Distance 
in  Miles  from 
the  Starting- 
point. 

Error 
in  Horizontal 
Measurement. 

Error  of  C losure 
in  Elevation 

between 

Check-points. 

Feet. 

2547 

0°  l'  20" 

-1-0.42 

2.0 

+  1:    387 

0.42 

2803 

0    50 

+    .46 

4.1 

+  1:    619 

.04 

2777 

2     20 

+    .17 

6.2 

4  r:ii77 

-29 

1332 

2    CO 

-1-    .09 

7.8 

+  1:1149 

.08 

1393 

2    GO 

^-  .50 

9.2 

.4-1:  987 

.41 

774 

3  33 

+  .52 

10.9 

-1-1:1000 

.02 

400 

8   13 

-f  .09 

12.3 

+ I : 1084 

.43 

389 

7  06 

-f  .08 

14.6 

+  1:1203 

.01 

1839 

9  32 

+  .25 

16.3 

+ I : 1025 

-17 

1871 

9  52 

-  .01 

18.4 

-Hi:  965 

.26 

2008 

10   42 

+  .14 

20.5 

+  1:  836 

'^S 

2067 

II    42 

+  .37 

22.4 

+  1:  877 

-23 

41 

12    12 

+  -39 

23.8 

-I-i:  961 

.02 

2292 

II   42 

+  -77 

25.2 

+  1:1063 

.38 

2304 

10  42 

+  1.37 

27.0 

+  1:1139 

.60 

1699 

10  42 

+  1.00 

28.9 

+  1:1484 

•37 

566 

9  40 

+  1.23 

30-3 

+ I : 1644 

.23 

1500 

9  05 

+  1.03 

31.8 

+  1:1724 

.20 

1488 

10    GO 

-fo.68 

33-5 

+ I : 2267 

•35 

937 

12  35 

4-0.94 

34.9 

+  1:3291 

.26 

958 

9   18 

+  0.98 

36.2 

■    +1:3945 

.04 

1115 

9  30 

-1-0. 6j 

37-9 

+  1:5174 

.34 

2476 

8    20 

+  0.36 

.39-8 

+ 1:6420 

.28 

124 

8    20 

4-0.64 

40.4 

+  1:6332 

.28 

The  following  data  regarding  the  accuracy  of  stadia  surveys 

,made  under  the  Mississippi   River  Commission  are  given  as   a 

fair  sample  of  the  results  obtained  under  that  organization.     In 

1896,  thirty-six  stadia  circuits,  with  an  average  length  of  2750 
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metres  (1.7  miles),  were  run  over  a  certain  rough,  hilly  country, 
between  Dubuque,  la.,  and  Prairie  du  Chien,  Wis.,  ranging  in 
elevation  from  100  to  300  feet,  with  an  average  error  in  elevation 
of  0.77  foot  per  circuit  or  0.59  foot  per  mile  of  line  run.     The 
maximum  error  in  this  work  was   1.50  feet  on  a  circuit  4000 
metres  (2.5  miles)   long,  and  the-  minimum  error  in  elevation 
was  0.0  foot  on  a  circuit  2100  metres  (1.4  miles)  long.     Seventy- 
four  other  circuits,  averaging  2900  metres  (1.8  miles),  were  run 
in  a  nearly  level  river  bottom,  with  a  resulting  error  in  elevation 
of  0.43  foot  per  circuit  or  0.31  foot  per  mile  of  line  run.     The 
maximum  error  in  this  work  was  2.5  feet  on  a  circuit  4300  metres 
(2.7  miles)  long,  while  the  minimum  error  in  elevation  on  the 
same  work  was  0.03  foot  on  a  circuit  4400  metres  long.     As 
indicating  the  general  law  of  compensating  errors,  it  may  be 
said  that  of  the  above  74  circuits  38  gave  too  high  and  29  circuits 
too  low  elevations,  while  on  7  circuits  the  error  was  zero. 

It  should  be  noted  that  after  such  closing  errors  have  been 
properly  adjusted  among  the  various  points  of  the  circuit,  which 
is  the  usual  practice,  the  probable  error  in  elevation  of  any  such 
adjusted  values  is  very  much  smaller  than  the  closing  error  of 
the  circuit,  and  for  all  mapping  purposes  it  is  far  within  the 
limits  of  accuracy  required.  It  may  then  be  concluded  that  for 
all  kinds  of  accurate  topographic  work,  with  the  possible  exception 
of  special  very  large-scale  surveys,  the  transit  and  stadia  and 
the  plane  table  and  stadia  method  are  by  far  the  best  and  most 
economical  methods  to  use. 

Note. — For  reducing  stadia  readings  for  "difference  of  elevation"  and  also 
for  "correction  for  horizontal  distance"  an  excellent  diagram  has  been  put  on 
the  market  by  A.  H.  Abbott  &  Co.,  of  Chicago,  111.  This  was  devised  by  Mr. 
Monis  K.  Trumbull,  and  is  described  by  him  in  the  Jour.  W.  Soc.  Eng., 
Vol.  Ill,  p.  1399.  This  diagram  is  24  ins.  by  30  ins.  in  size,  has  blue  lines  on  a 
white  ground,  on  heavy  paper,  and  gives  angles  up  to  8°,  distances  to  1600  feel, 
and  elevations  to  100  feet.  It  also  shows  the  "correction  for  horizontal  distance" 
at  a  glance,  while  taking  out  the  "difference  of  elevation."  This  is  the  most 
convenient  diagram  the  authors  have  ever  seen.  It  is  said  to  give  results  as 
rapidly  as  the  Colby  slide-rule.     The  price  is  $1.00  postpaid. 
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237.  The  Cost  of  Topographic  Maps.    The  cost  of  top>o- 
graphic  work  depends  upon  such  a  variety  of  conditions  as    to 
preclude  any  general  statements.    In  the  following  table   will 
be  found  a  statement  of  the  unit  costs  of  a  number  of  represent- 
ative surveys  including  both  detail  and  geographic  surveys.     The 
economics  of  this  subject  have  not  been  sufficiently  considered 
in  preparing  plans  for  topographic  work.     As  a  result,  excessive 
costs  have  followed  unnecessary  field  work,  i.e.,  more  field  data 
than  the  scale  of  the  final  map  and  its  contour  interval  could 
show.    Again  sufficient  field  locations  may  be  lacking  for  the 
map. 

SCALE  AND   COST,    ETC.,   OF   DETAIL  TOPOGRAPHIC 

SURVEYS 


Name. 

Area. 

Contour 
Interval. 

Scale. 

Cost  per 
Square  Mile. 

Philadelphia  Water  Department.  . 

Connellsviile  Coke  Region 

District  of  Columbia 

446 

168 

48 

400 

ft. 
10 
10 

5 
20 

1:4800 
1:7200 
1:4800 
3  in.«i  mi. 
1:2500 
1:2400 
1:2400 

$145.00 
40.00 

2500.00* 
18.00 

Croton  Watershed 

British  Ordnance  S'lrvev 

St.  Louis  Survey 

44 

7 

740.00 
1800.00 

Baltimore  Survey 

x2             1                   C 

0^ 

J 

♦  Field  work  cost  $1360  per  square  mile. 
SCALE,   COST,   ETC.,   OF   SMALL   SCALE   MAPS 


Name. 


U.  S.  Geol.  Survey 


The  Great  Lakes  Survey 

Mississippi  River  Commission. 

U.  S.-Mexican  Boundary 

State  Massachusetts 


Great  Britain  . 


Area. 


\ 


3000 
1300 
1700 
8900 


Contour. 


20  ft. 
100  ft. 


5  ft- 

10  m. 

20  ft. 

Hachur's 

-f  contours 


Scale. 


Cost  per 
Square  Mile. 


1:62500 

1:125000 

1:10000 

1:10000 

1:30000 

1:30000 

I  in. —  I  mi. 


$10.00 
4.00 

125.00 
70.00 
10.00* 
13.00 

184.00 


♦  Cost  of  instrument  work  only. 
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Such  conditions  can  be  prevented  by  preparing  specifi- 
cations and  directions  for  the  field,  based  upon  ample  study  of 
the  purposes  for  which  the  maps  are  made  and  the  conditions 
under  which  the  work  must  be  done. 
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CHAPTER  IX 
HYDROGRAPHIC  SURVEYING  i 

238.  Hydrographic  Surveying  includes  all  surveys^  for 
whatever  purpose,  which  are  made  on,  or  are  concerned  with, 
any  body  of  still  or  running  water.  Some  of  the  objects  of  such 
surveys  are  the  determination  of  depths  for  mapping  and  navi- 
gation purposes;  the  determination  of  areas  of  cross-sections, 
the  mean  velocities  of  the  water  across  such  sections,  and  the 
slope  of  the  water  surface;  the  location  of  buoys,  rocks,  lights, 
signals,  etc.;  the  location  of  channels,  the  directions  and  veloci- 
ties of  currents,  and  the  determination  of  the  changes  in  the 
same;  the  determination  of  the  quantity  of  sediment  carried 
in  suspension,  of  the  volume  of  the  scour  or  fill  on  the  bottom, 
or  of  the  material  removed  by  artificial  means,  as  by  dredging. 

A  hydrographic  survey  is  usually  connected  with  an  extended 
body  of  water,  as  ocean  coasts,  harbors,  lakes,  or  rivers.  The 
fixed  points  of  reference  for  the  sur\^ey  are  usually  on  shore, 
but  sometimes  buoys  are  anchored  off  the  shore  and  used  as 
points  of  reference.  All  such  points  should  be  accurately  located 
by  triangulation  from  some  measured  base  whose  azimuth .  has 
been  found.  The  buoys  will  swing  at  their  moorings  within 
small  circles,  these  being  larger  at  low  tide  than  at  high,  but  the 
errors  in  their  positions  should  never  be  suflScicnt  to  cause  appre- 
ciable error  in  the  plotted  positions  of  the  soundings.  Where 
soundings  need  to  be  located  with  great  exactness,  buoys  could 
not  be  relied  on.  The  triangulation  work  for  the  location  of  the 
fixed  points  of  reference  differs  in  no  sense  from,  that  for  a  topo- 
graphical   sun^ey.     In    fact,    a   hydrographic   sur\'ey   is    usually 

^  Revised  for  ihc  lylh  edition  by  Professor  Leonard  S.  Smith. 
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connected  with  a  topographical  survey  of  the  adjacent  shores 
or  banks,  the  triangulation  scheme  serving  both  purposes.  It 
is  not  uncommon,  however,  to  make  a  hydrographic  survey  for 
navigation  purposes  simply,  wherein  only  the  shore  line  and  certain 
very  prominent  features  of  the  adjacent  land  are  located  and 
plotted.  This  is  the  practice  of  the  U.  S.  Hydrographic  Office 
in  sur%'e>'ing  foreign  coasts  and  harbors.  In  this  case  the  work 
consists  almost  wholly  in  making  and  locating  soundings  for  a 
certain  limiting  depth,  as  loo  fathoms,  or  loo  feet,  inward  to 
the  shore,  and  along  the  coast  as  far  as  desired.  The  length  and 
azimuth  of  a  base-line  are  determined  and  the  latitude  observed 
by  methods  given  in  Chapter  XV.  The  longitude  is  found  by 
observing  for  local  time,  and  comparing  it  with  the  chronometer 
time  which  has  been  brought  from  some  station  whose  longitude 
was  known.  Whenever  telegraphic  communication  can  be 
obtained  with  a  place  of  known  longitude,  the  difference  between 
the  local  times  of  the  two  places  is  found  by  exchanging  chrono- 
graphic  signals.  No  special  description  will  be  here  given  of  the 
methods  used  in  this  part  of  the  work,  as  they  are  all  fully 
described  in  Chapters  XIV  and  XV. 

.  The  Location  of  Soundings 

239.  Methods.  The  location  of  a  sounding  can  be  found 
with  reference  to  visible  known  points  by  (i)  two  angles  read 
at  fixed  points  on  shore;  (2)  by  two  angles  read  in  the  boat; 
(3)  by  taking  the  sounding  on  a  certain  range,  or  known  line, 
and  reading  one  angle  either  on  shore  or  in  the  boat;  (4)  by 
sounding  along  a  known  range,  or  line,  taking  the  soundings 
at  known  intervals  of  time,  and  rowing  at  a  uniform  rate;  (5) 
by  taking  the  soundings  at  the  intersections  of  fixed  range  lines; 

(6)  by  means  of  cords  or  wires  stretched  between  fixed  stations, 
these  having  tags,  or  marks,  where  the  soundings  are  to  be  taken; 

(7)  by  transit  and  stadia.     These  methods  arc  severally  adapted 
to  different  conditions  and  objects,  and  will  be  described  in  order. 
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240.  Two  Angles  Read  on  Shore.  If  two  instruments 
(transits  or  sextants)  be  placed  at  two  known  points  on  shore, 
and  the  angles  subtended  by  some  other  fixed  point,  and  the  boat 
be  read  by  both  instruments,  when  a  sounding  is  taken,  the 
intersection  of  the  twd  pointings  to  the  boat,  when  plotted  on 
the  chart  containing  the  points  of  observation  duly  plotted,  will 
be  the  plotted  position  of  the  sounding.  If  three  instruments 
are  read  from  as  many  known  stations,  then  the  three  point- 
ings to  the  boat  should  intersect  in  a  point  when  plotted,  thus 
furnishing  a  check  on  the  observations.  The  objections  to 
this  method  are  that  it  requires  at  least  two  observers,  and  these 
must  be  transferred  at  inter\'als,  as  the  work  proceeds,  in  order 
to  maintain  good  intersections,  or  in  order  to  see  the  boat  at 
all  times.  While  an  observer  is  shifting  his  position  the  work 
must  be  suspended.  If  there  are  long  lines  of  oflF-shore  soundmgs 
to  be  made  and  there  are  no  fixed  points  or  stations  on  shore 
of  suflScient  distinctness  or  prominence  to  be  observed  by  the 
sextant  from  the  boat,  then  this  method  must  be  used.  When 
the  angles  are  read  on  shore,  signals  should  be  given  preparatory 
to  taking  a  sounding,  and  also  when  the  sounding  is  made.  If, 
however,  the  soundings  are  taken  at  regular  intervals  the  pre- 
paratory signal  may  be  omitted,  and  only 
the  signal  given  when  the  sounding  is 
taken.  This  usually  consists  in  showing 
a  flag.  The  instrument  may  be  set  to 
read  zero  when  pointing  to  the  fixed 
station.  This  reading  need  only  be  taken 
at  intervals  to  test  the  stability  of  the 
instrument. 

241.  By  Two  Angles  Read  in  the 
Boat  to  three  points  on  shore  whose 
relative  position  are  known.  This  is 
called  the  "  three-point  "  problem.  Let 
A,  C,  and  B  be  the  three  shore  points,  being  defined  by  the 
two  distances  a  and  b  and   the  angle  C.     Let  the  two  angles 


Fic,.  119. 
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P  and  P'  be  measured  at  the  point  P.     The  problem  is  to  find 
the  distances  AP  and  BP, 

(a)  Analytical  Solution.  Let  the  unknown  angle  at  A  be  x 
and  that  at  B  be  y.  Then  we  may  form  two  equations  from 
which  X  and  y  may  be  found.     For, 

asin^^t^inr 
sinP  "sinP' ^^^ 

Also,  :r+}'  =  36o°-(P-fP'  +  C)=^ (2) 

From  (2),  y  =  i?— a;, 

and  sin  y  =  sin  7?  cos  x  —cos  7?  sin  .r. 

Substitute  this  value  of  sin  v  in  (i),  reduce,  and  find 

a  sin  P'  ^h  sin  P  cos  /? 


cot  .T  = 


6  sin  P  sin  R 


=  cot/?(-— ,— „ ;^+l) (0 

\h  sin  P  cos  /e       /  ^^^ 

When  X  and  y  are  found,  the  sides  AP  and  BP  are  readily 
obtained.  This  is  perhaps  the  simplest  analytical  solution  of 
the  problem. 

(i)  Geometrical  Solution,  The  following  geometrical  solu- 
tion is  of  some  interest,  though  it  is  seldom  used: 

Let  A,  C,  and  B  be  the  fixed  points  as  before,  and  P  and 
P'  the  observed  angles.  Having  the  points  A,  By  and  C  plotted 
in  their  true  relative  positions,  draw  from  A  the  line  AD,  making 
with  AB  the  angle  P'  {CPB),  and  from  B  the  line  BD,  making 
with  AB  the  angle  P  {A PC),  cutting  the  former  line  in  D. 
Through  A,  D,  and  B  pass  a  circle,  and  through  C  and  D  draw 
a  line  cutting  the  circumference  again  in  P.     The  point  P  is  the 
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plotted  position  of  the  point  of  observation  from  which  the  angles 
F  and  P'  were  measured. 

For  P  must  lie  in  the  circumference  through  ADB  by  con- 
struction, otherwise  ABD  would  not  be  equal  to  APD,  as  they 
are  both  measured  by  the  same  arc  AD,  The  same  holds  for 
the  angle  P\  Also,  the  line  PD  must  pass  through  C,  other- 
wise the  angle  APC  would  be  greater  or  less  than  P,  which 
cannot  be.     The  point  P  is  therefore  on  the  line  CD,  and  also 

on  the  circumference  of  the  circle  through 
ADBy  whence  it  is  at  their  intersection. 

This  demonstration  is  valuable  as  show- 
ing when  this  method  of  location   fails    to 
locate,  and  when  the  location  is  poor.     For 
the  nearer  the  point  D   comes   to  C  the 
more  uncertain   becomes  the   direction  of 
the  line  CZ>,  and  when  D  fails  at  C — that 
is,  when  P  is  on   the   circumference  of    a 
circle  through  A,  5,  and  C — the  solution 
is  impossible,  inasmuch  as  P  may  then  be 
anywhere  on    that    circumference  without 
changing  the  angles  P  and  P\    This  is  also  shown  by  Eq.  (3), 
above;   for  if  ^,  C,  By  and  P  all  fall  on  one  circumference,  then 
x-hy  =  R-iSo°;  whence  cot  ji^=  00  Xo,   which   is   indeterminate. 
For  cot  P=-  —  00  ,  and  cos  P--  —  i.     Also  a  sin  P'  -^b  sin  P,  both 
being  equal  to  the  perjjendicular  from  C  on  AB.     The  equation 
then  becomes 

cot  jc  ==  00  (i  —  i)  =  00  xo. 


Fig.  120. 


(r)  Mechanical  Solution,  If  the  three  known  stations  be 
plotted  in  position  and  the  two  observed  angles  be  carefully 
set  on  a  three-armed  protractor,^  then  when  the  three  radial 
edges  coincide  with  the  three  stations,  the  centre  of  the  pro- 
tractor circle  corresponds  to  the  position  of  the  point  of  obser- 


'  For  dest  ri))tion.  with  rut,  see  p.  i^g. 
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i.-ation.  With  a  good  protractor  this  method  gives  the  posi- 
tion of  the  point  as  closely  as  the  nature  of  the  observations 
themselves  would  warrant.  It  is  the  common  method  of  plot- 
ting soundings  when  two  sextant  angles  have  been  read  from 
the  sounding  boat. 

(rf)  Crapkical  Solution.  The  angles  may  be  laid  off  on 
tracing  paper  or  linen  by  lines  of  indefinite  length,  and  this  laid 
on  the  plot  and  shifted  in  position  until  the  three  radial  lines 
coincide  with  the  three  stations,  when  their  intersection  marks 
the  point  of  observation.  This  is  the  most  ready  method  of 
plotting  such  observations  when  no  three-armed  protractor  is 
available. 

The  advantages  of  this  method  of  locating  soundings  are 
that  it  requires  but  one  observer,  no  time  is  lost  in  changing 
stations,  and  the  party  are  all  together,  and  hence  there  can  be 
no  misunderstandings  in  regard  to  the  work.     If  the  soundings 
are  made   in   running   water,  so   that   the   boat 
cannot  be  stopped  long  enough  to  read  two  sex- 
tant  angles,   two   sextants   arc   sometimes  used 
with  one   ob5er\-er,  he  setting  both  angles  and 
reading  them  afterwards;  or  two  observers  may 
be  employed   in   the  same  boat  and  the  angles 
taken  simultaneously. 

242.  By  One  Range  and  One  Angle.    The 
range  may  be  two  stations  or  poles  set  in  line 
Ml  shore,  or   it   may  consist   of   one    point    on 
shore  and  a  buoy  set  at  the  desired  position  off- 
shore.    If  buoys  are  used  they  must  be   located 
by  triangulalion  from  the  shore  stations.     A  tri- 
angulalion  system  along  a  rocky  or  wooded  coast 
may  consist  of  one  line  of  stations  on  shore  and 
a  corresponding  line  of  buoys.     The  angles  arc  read  only  from 
the  shore  stations,  two  angles  in  each  triangle  being  observed. 
If  the  buoys  are  well  set  and  the  work  done  in  calm  weather,  the 
results  will  be  good  enough  for  topographical  or  hydrographical 
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purposes.  The  stations  and  buoys  should  be  opposite  each 
other,  as  in  the  figure,  and  readings  taken  to  the  two  adjacent 
shore  stations  and  to  the  three  nearest  buoys  from  each  shore 
station.  If  the  length  of  any  line  of  this  system  be  known,  the 
rest  can  be  found  when  the  angles  ait  A,  B,  C,  and  D  are  measured. 
In  such  a  system  the  measured  lines  should  recur  as  often  as 
possible,  ordinary  chaining  being  sufficient 

243.  Buoys,  Buoy-Flags,  and  Range-Poles.  A  con- 
venient buoy  for  this  purpose  may  be  made  of  any  light 
wood,  18  inches  to  3  feet  long  in  tideless  waters,  and  long 
enough  to  maintain  an  erect  position  in  tide  waters.  It  should 
be  from  6  to  10  inches  in  diameter  at  top,  and  taper  towards 
the  bottom.  If  the  buoy  is  not  too  long,  a  hole  may  be  bored 
through   its  axis   for  the   flag-pole,  which   may  then  project  2 

•  or  3  feet  below  the  buoy  and  as  high  above  it  as  desired. 
The  buoy  rope  is  then  attached  to  the  bottom  end  of  the  pole 
and  made  of  such  length  as  to  maintain  the  pole  in  a  vertical 
position  in  all  stages  of  the  tide.  The  anchor  may  be  any  suffi- 
ciently heavy  body,  as  a  rock  or  cast-iron  disk.  If  the  buoys 
are  liable  to  become  confused  on  the  records,  different  designs 
may  be  used  in  the  flags,  as  various  combination  of  red,  white, 
and  blue,  all  good  colors  for  this  purpose. 

The  range-poles  should  be  whitewashed  so  as  to  show  up 
against  the  background  of  the  shore.  The  ranges  are  desig- 
nated by  attaching  to  the  rear  range  poles  slats*  (barrel-staves 
would  serve)  arranged  as  Roman  numerals  when  read  up  or 
down  the  pole.  If  range-poles  are  relied  on,  they  must  be  very 
carefully  located  and  plotted,  in  order  to  establish  accurately 
a  long  line  of  soundings  from  a  very  short  fixed  base. 

The  observed  angle  may  be  either  from  the  boat  or  from  a 
point  on  shore.  In  either  case  any  other  range  post  of  the 
series  may  be  used  either  for  the  position  of  the  observer,  if 
on  shore,  or  for  the  other  target  point  if  the  angle  is  read  from 
the  boat. 

244.  By  One  Range  and  Time-Intervals.     This  is  a  very 
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common  and  efficient  method,  and  quite  satisfactory  where 
soundings  need  not  be  located  with  the  greatest  accuracy  and 
where  there  is  no  current.  A  boat  can  be  pulled  in  still  water 
with  great  imiformity  of  speed;  and  if  the  soundings  be  taken 
at  known  intervals  with  the  ends  of  the  line  of  soundings  fixed, 
the  time  intervals  will  correspond  almost  exactly  with  the  space 
intervals.  If  the  ends  of  the  line  of  soundings  are  not  fixed  by 
buoys  or  sounding  stations  on  shore,  but  the  line  simply  fixed 
by  ranges  back  from  the  water's  edge,  the  positions  of  the  end 
soundings  may  be  fixed  by  angle  readings  and  the  balance  inter- 
polated from  the  time  intervals. 

245.  By  Means  of  Intersecting  Ranges.  This  method 
is  only  adapted  to  the  case  where  soundings  are  to  be  repeated 
many  times  at  the  same  places.  When  the  object  of  the  survey 
is  to  study  the  changes  occurring  as  to  scour  or  fill  on  the  bottom 
it  is  very  essential  that  the  successive  soundings  should  coincide 
in  position,  otherwise  discrepant  riesults  would  prove  nothing. 
Such  surveys  are  common  on  navigable  rivers  and  in  harbors. 
Many  s)rstems  of  such  ranges  could  be  described,  but  the  ingen- 
ious engineer  will  be  able  to  devise  a  system  adapted  to  the  case 
in  hand. 

246.  By  Means  of  Cords  or  Wires.  In  the  case  of  a  fixed 
but  narrow  navigable  channel,  having  an  irregular  bottom,  or 
undergoing  improvement  by  dredging,  it  may  be  found  advis- 
able to  set  and  locate  stakes  on  opposite  sides  of  the  channel, 
to  stretch  a  graduated  cord  or  wire  between  them,  and  to  locate 
the  soundings  by  this.  By  such  means  the  location  would  be 
the  most  accurate  possible. 

Making  the  Soundings 

247.  The  Lead  is  usually  made  of  lead,  and  should  be  long 
and  slender  to  diminish  the  resistance  of  the  water.  It  should 
weigh  from  five  pounds  for  shallow,  still  water,  to  twenty  pounds 
for  deep  running  water,  as  in  large  rivers.     If  depth  only  is 
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required,  the  lead  may  be  a  simple  cylinder  something  like  a 
sash  weight  for  \^dndows.  If  specimens  of  the  bottom  are  to  be 
brought  to  the  surface  at  each  sounding,  the  form  shown,  in  Fig. 
122  may  be  used  to  advantage.    An  iron  stem,  /,  is  made  with  a 

cup,  c  at  its  lower  end.  The  stem  has  spurs  cut 
upon  it,  or  cross-bars  attached  to  it,  and  on  this  is 
moulded  the  lead  which  gives  the  requisite  weight. 
Between  the  cup  and  the  lead  is  a  leather  cover 
sliding  freely  on  the  shank  and  fitting  tightly  to  the 
upper  edges  of  the  cup.  When  the  cup  strikes  the 
bottom,  it  sinks  far  enough  to  obtain  a  specimen  of 
the  same,  which  is  then  safely  brought  to  the  sur- 
face, the  leather  cover  protecting  the  contents  of 
the  cup  from  being  washed  out  in  raising  the  lead. 
A  conical  cavity  in  the  lower  end  of  the  lead,  Uned 
with  tallow,  is  often  used,  and  it  is  found  very 
efficient  for  indicating  sand  and  mud.  It  is  often 
very  essential  to  know  whether  the  bottom  is  com- 
posed of  gravel,  coarse  or  fine,  sand,  mud,  clay,  hard-pan,  or 
rock,  and  this  knowledge  can  be  obtained  with  the  cup  device 
described  above. 

248.  The  Line  should  be  of  a  size  suited  to  the  weight  of 
the  lead,  and  made  of  Italian  hemp.  It  is  prepared  for  use  by 
first  stretching  it  sufficiently  to  prevent  further  elongation  in  use 
after  it  is  graduated.  Probably  the  best  way  to  stretch  a  line 
is  to  wind  it  tightly  about  a  smooth-barked  tree,  securely  fasten 
both  ends,  wet  it  thoroughly,  and  leave  it  to  dry.  Then  rewind 
as  before,  taking  up  the  slack  from  the  first  stretching,  and  repeat 
the  operation  until  the  slack  becomes  inappreciable.  It  may 
now  be  graduated  and  tagged.  Sometimes  it  is  fastened  to  two 
trees  and  stretched  by  means  of  a  "  Spanish  windlass,"  and 
then  wet.  It  is  quite  possible  to  stretch  the  Ime  too  much,  for 
sometimes  sounding  lines  have  shortened  in  use  after  being 
stretched  by  this  method.  Soundings  at  sea  are  taken  in  fathoms. 
On  the  U.  S.  Lake  Survey  all  depths  over  twenty-four  feet  (four 
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fathoms)  were  given  in  fathoms,  and  all  depths  less  than  that 
limit  were  given  in  feet.  On  river  and  harbor  surveys  it  is  com- 
mon to  give  depths  in  feet.  Channel  soundings  on  the  Western 
rivers  made  by  boatmen  are  given  in  feet  up  to  ten  feet,  then 
th^  are  given  in  fathoms  and  quarters,  the  calls  being  "  quarter- 
less-twain,"  "  mark-twain,"  **  quarter-twain,"  "  half-twain," 
"  quarter-less-three,"  "  mark-three,"  etc.,  for  depths  of  i  J,  2, 
2  J,  2^,  2 J,  3,  etc.,  fathoms  respectively. 

If  the  line  is  graduated  in  feet,  leather  tags  are  used  every 
5  feet,  the  intermediate  foot-marks  being  cotton  or  woollen 
strips.  The  lo-foot  tags  are  notched  with  i,  2,  3,  etc.,  notches 
for  the  10-,  20-,  30-,  etc.,  foot-points,  up  to  50  feet.  The  50-foot 
^g  may  have  a  hole  in  it,  and  the  60-,  70-,  80-,  etc.,  foot- 
marks have  tags  all  with  one  hole  and  with  i,  2,  3,  etc., 
notches.  The  intermediate  5-foot  points  have  a  simple  leather 
tag  immarked.  Sometimes  the  figures  are  branded  on  the  leather 
tags,  but  notches  are  more  easily  read.  The  zero  of  the  gradu- 
ation is  the  bottom  of  the  lead.  The  leather  tags  are  fastened 
into  the  strands  of  the  line;  the  cloth  strips  may  be  tied  on.  The 
line  should  be  frequently  tested,  and  if  it  changes  materially  a 
table  of  corrections  should  be  made  out  and  all  soundings  cor- 
rected for  erroneous  length  of  line.  For  deep  soundings,  piano 
wire  is  frequently  used. 

249.  Sounding  Poles  should  be  used  when  the  depth  is 
less  than  about  15  feet.  The  pole  may  be  graduated  to  feet 
simply,  or  to  feet  and  tenths,  according  to  the  accuracy  re- 
quired. 

250.  Making  Soundings  in  Running  Water.  The  sounding- 
boat  should  be  of  the  "  cutter  "  pattern,  with  a  sort  of  platform 
in  the  bow  for  the  leadsmen  to  stand  on.  If  the  current  is  swift, 
six  oarsmen  may  be  required  and  two  observers  and  one  recorder. 
One  of  the  observers  may  act  as  steersman.     If  the  depth  is 

•not  more  than  60  or  80  feet,  the  soundings  are  made  without 
checking  the  boat,  the  leadsman  casting  the  lead  far  enough 
forward  to  enable  it  to  reach  bottom  by  the  time  the  line  comes 
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vertical.  When  the  depth  and  the  current  are  such  as  to  make 
this  impossible,  the  boat  is  allowed  to  drift  down  with  the  current 
and  soundings  taken  at  intervals  without  drawing  up  the  lead. 
The  boat  is  then  pulled  back  up  stream  and  dropped  down  again 
on  another  line,  and  so  on. 

In  still  water  a  smaller  crew  and  outfit  may  be  used,  as  the 
boat  may  be  stopped  for  each  sounding  if  necessary. 

The  record  should  give  the  date,  names  of  observers,  general 
locality,  number  or  other  designation  of  line  sounded,  the  time, 
the  two  angles,  the  stations  sighted,  and  the  depth  for  each  sound- 
ing, and  the  errors  of  the  graduated  lengths  on  the  sounding  line. 

251.  The  Water-Surface  Plane  of  Reference.  In  order 
to  refer  the  bottom  elevations  to  the  general  datum  plane  of 
the  survey,  it  is  necessary  to  know  the  elevation  of  the  water- 
surface  at  all  times  when  soundings  are  taken.  In  tidal  waters 
the  elevation  of  "  mean  tide  "  is  the  plane  of  reference  for  both 
the  topographical  and  hydrographical  surveys,  and  then  the 
state  of  the  tide  must  be  known  with  reference  to  mean  tide. 
This  is  found  from  the  hourly  readings  of  a  tide-gauge  (pro- 
vided it  is  not  automatic),  the  elevation  of  the  zero  of  which, 
with  reference  to  mean  tide-water,  has  been  determined.  All 
soundings  must  then  be  reduced  to  what  they  would  have  been 
if  made  at  mean  tide  before  they  are  plotted. 

If  the  soundings  are  made  in  lakes,  the  datum  is  usually 
the  lowest  water-stage  on  record;  and  here  also  gauge-readings 
are  necessary,  as  the  stage  of  the  water  in  the  lake  varies  from 
year  to  year.  In  this  case  the  gauge  need  only  be  read  twice 
a  day. 

In  rivers  of  variable  stage  the  datum  is  either  referred  to 
mean  or  low-water  stage,  or  else  to  the  general  datum  of  the 
map.  If  the  stage  is  changing  rapidly  the  gauge  should  be  read 
hourly  when  soundings  are  taken,  otherwise  daily  readings  are 
sufficient.  If  the  soundings  are  to  be  referred  to  the  general 
datum  of  the  map,  then  the  slope  of  the  stream  must  be  taken 
into  account.     If  they  are  referred  to  a  particular  stage  of  water 
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in  the  river,  then  the  slope  does  not  enter  as  a  correction,  as  the 
slope  is  assumed  to  be  the  same  at  all  stages,  although  this  is 
not  strictly  true. 

252.  Lines  of  Equal  Depth  corresp)ond  to  contour  lines 
in  topographical  surveys;  but  to  draw  lines  of  equal  depth  with 
:ertainty  the  elevations  of  many  more  points  are  necessary  than 
are  needed  for  drawing  contour  lines,  because  the  bottom  cannot 
be  viewed  directly,  while  the  ground  can  be.  Where  the  ground 
is  seen  to  be  nearly  level  no  elevations  need  be  taken,  while  for 
a  similar  region  of  bottom  a  great  many  soundings  would  be 
required  to  prove  that  it  was  not  irregular. 


Fig.  123. 

253.  Soundings  on  Fixed  Cross-Sections  in  Rivers.  Where 
the  same  section  is  to  be  sounded  a  great  many  times,  and 
especially  when  it  is  desirable  to  obtain  the  successive  soundings 
at  about  the  same  points,  it  is  best  to  fix  range  posts  on  the  line 
of  the  section  (on  both  sides  if  it  be  a  river)  and  then  fix  one  or 
more  series  of  intersecting  ranges  at  points  some  distance  above 
or  below  the  section  on  one  or  both  sides  of  the  river.  The 
soundings  can  then  be  made  at  the  same  points  continuously 
without  having  to  observe  any  angles  at  all.  Such  a  system  of 
ranges  is  shown  in  Fig.  123.    AA^  and  BB^  are  range  poles  on  the 
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section  line.  O  and  O'  are  tall  white  posts  set  at  convenient 
points  on  opposite  sides  of  the  river,  either  above  or  below  the 
section.  I,  II,  III,  etc.,  are  shorter  posts  set  near  the  bank  in 
such  positions  that  the  intersection  of  the  lines  O-I,  O-II.,  etc., 
with  the  section  range  BB^  will  locate  the  soundings  at  i,  2,  etc., 
on  this  section  line.  The  posts  in  the  banks  should  be  marked 
by  strips  nailed  upon  them  so  as  to  make  the  Roman  numerals 
as  given  in  the  figure.  Such  a  system  of  ranges  as  the  above  is 
useful  also  for  fixing  points  on  a  section  line,  for  setting  out  floats, 
or  for  running  current  meters  for  the  determination  of  river 
discharge. 

254.  Areas  of  Cross-Section  are  obtained  by  plotting  the 
soundings  on  cross-section  paper,  the  horizontal  scale  being 
about  one-tenth  or  one-twentieth  of  the  vertical.  The  horizontal 
line  representing  the  water  surface  is  drawn,  and  the  plotted 
soundings  joined  by  a  free-hand  line.  The  enclosed  area  b 
then  measured  by  the  planimeter.  If  the  horizontal  scale  is  50 
feet  to  the  inch  and  the  vertical  scale  5  feet  to  the  inch,  then 
each  square  inch  of  the  figure  represents  250  square  feet  of  area. 
The  planimeter  should  be  set  to  read  the  area  is  square  inches, 
and  the  result  multiplied  by  250. 

Areas  of  cross-section  are  usually  taken  in  running  water, 
and  here  great  care  must  be  taken  to  get  vertical  soundings, 
and  to  make  the  proper  sounding-line  corrections.  They  should 
be  taken  near  enough  together  to  enable  the  bottom  line  to  be 
drawn  with  sufficient  accuracy. 

Bench-Marks,  Gauges,  Water-Levels,  and  River-Slope 

255.  Bench-Marks  should  be  set  in  the  immediate  vicinity 
of  each  water  gauge,  and  these  connected  by  duplicate  lines  of 
levels  with  the  reference  plane  of  the  survey.  If  the  gauge  is 
not  very  firmly  set,  or  if  it  is  necessary  to  move  it  for  a  changing 
stage,  its  zero  must  be  referred  again  to  its  bench  mark  by  dupli- 
cate levels,  whenever  there  is  reason  to  suspect  it  may  have  been 
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disturbed.     Such  bench  marks  as  these  are  usually  spikes  in  the 
roots  of  trees  or  stumps. 

256.  Water  Gauges  are  of  various  designs,  according  to 
the  situation  and  the  purpose  in  view.  For  temporaiy  use  during 
the  period  of  a  sur\'ey,  a  staff  gauge  is  best,  consisting  of  a  board 
painted  -white,  of  sufficient  length,  graduated  to  feet  and  tenths 


A  Bollle  Waler  Gauge. 


in  black.  Sometimes  it  is  graduated  to  half-tenths,  but  this 
is  useless  unless  in  still  water,  and  there  is  never  any  need  of 
graduation  finer  than  this.  The  gauge  may  be  read  to  hundredths 
of  a  foot  if  the  water  is  calm  enough.  It  should  be  nailed  to  a 
pile  or  to  a  stake  driven  firmly  near  the  water's  edge.  It  is 
read  twice  a  day,  or  oftener,  if  the  needs  of  the  service  require. 

The  gauge  shown  in  Fig.  124  is  simple  to  construct  and  well 
designed  for  rough  water.     It  consists  of  a  wooden  box,  6  inches 
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square,  with  a  closed  bottom  but  with  one  or  more  holes  bored 
low  down  in  its  sides  or  in  the  bottom  to  admit  the  water.  An 
empty  bottle  with  a  graduated  wooden  staff  one  inch  square 
fastened  tightly  in  its  mouth,  floats  in  the  water.  The  staff 
moves  freely  up  and  down  through  a  hole  in  the  top  of  the  box, 
recording  every  change  in  the  height  of  the  water.  The  gauge 
may  be  read  at  the  top  surface  of  the  box  or  a  special  pointer 
can  be  provided  for  this  purpose. 

The  staff  is  graduated  in  feet  and  tenths  from  the  line  of 
flotation,  the  numbers  increasing  upward.  If  the  tops  of  the 
gauge  box  be  connected  by  spirit  levels,  the  water  height  at  any 
point  would  be  determined  by  subtracting  the  gauge  reading 
from  the  elevation  of  the  corresponding  box.  If  the  staff  was 
so  graduated  as  to  increase  downward,  it  would  be  possible  to  so 
paint  the  staff  that  it  would  read  directly  the  true  elevation  of  the 
water.  In  practice  the  first  method  is  generally  found  most 
convenient. 

257.  Chain  Gauges.  The  chain  gauge  is  often  used  on  high 
bridges  and  at  points  where  the  banks  are  unfavorable  to  the 
maintenance  of  a  staff  gauge.  A  view  of  such  a  gauge  as  used 
by  the  U.  S.  Geological  Survey  is  shown  in  Fig.  125. 

It  consists  of  a  graduated  board  held  horizontally  and  at 
least  as  long  as  the  extreme  fluctuations  in  the  river  height. 
At  the  end  of  the  board  over  the  water  is  attached  a  pulley  over 
which  a  chain  carrying  about  a  12-pound  weight,  passes.  When 
not  in  use  the  weight  is  secured  by  a  ring  attached  to  the  other  end 
of  the  chain.  To  make  a  reading  the  weight  is  lowered  until  its 
bottom  just  touches  the  water  surface,  when  the  position  of  the 
index  point  of  the  chain  is  read  on  the  graduated  board.  If  the 
elevation  of  the  water  at  some  particular  stage  is  determined  by 
spirit  levels,  then  any  future  elevation  is  determined  by  the  corre- 
sponding gauge  reading.  It  has  been  found  advisable  to  set 
permanent  bench  marks  near  by  so  as  to  check  any  changes  in 
the  height  of  the  gauge  as  a  whole.  Any  changes  in  the  length 
of  the  chain  can  be  detected  by  testing  it  with  a  steel  tape.    The 
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great  advantage  of  the  chain  gauge  is  its  freedom  from  disturb- 
ance by  ice  or  I< 


hasp  and  kirk. 
Fig.  125. — Chain  Gauge.     (From  Hoyt  and  Grover's  "  River  Discharge.") 

258.  Self-registering  Gauge.  Where  very  accurate  and  con- 
tinuous records  of  the  fluctuations  of  water  surfaces  are  required, 
some  form  of  self-registering  gauge  is  used  like  that  shown  in 
Fig.  126. 

The  record  of  such  a  gauge  (shown  in  Fig.  1 27)  is  made  as 
follows:  The  centre  pin  is  connected  to  a  float  on  the  surface 
of  the  water  in  such  a  way  that  its  motion  is  proportional  to  the 


poulion,  (.over  case  in  plarc  and 
sample  of  an  ailual  record  for 
tour  days  (Saturdaj  to  Tues- 
day, both  inclusive)  FiK.  ii6<i. 
End  view  of  same,  from  ihr 
right. 
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change  in  elevation  of  the  float.  The  pin  is  made  to  trace  this 
motion  on  a  continuous  roll  of  paper  made  to  move  uniformly 
by  a  clock  escapement  and  rolling  up  on  one  roll  as  fast  as  it 
unrolls  on  another.  The  two  outer  pencils  recor  the  time. 
The  elevation  of  the  surface  at  any  time  is  given  by  the  corre- 
sponding ordinate  of  the  curve.  Thus  at  15  o'clock  (3  p.m.) 
the  elevation  was  579.0  feet. 

Trac*^  by  time  pencils 


580  Ft. 


579  Ft. 


578  Ft. 


IlorixonUl  8csl« 
T 


3  hsan 


Tntoed  bjr  tinM  peacik 

Fig.  127. — Automatic  Record  of  Gauge. 

259.  Water  Levels.  The  surface  of  still  water  is  by  defini- 
tion a  level  surface.  This  fact  is  used  to  great  advantage  on  the 
sea-coast,  on  lakes,  ponds,  and  even  on  streams  of  little  slope 
or  on  such  as  have  a  known  slope.  Thus,  in  finding  the  eleva- 
tions of  the  Great  Lakes  above  the  sea  level,  the  elevation  above 
mean  tide  water  of  the  zero  of  a  certain  water  gauge  at  Oswego, 
N.  Y.,  on  Lake  Ontario,  was  determined.  Then  the  relative 
elevations  of  the  zeros  of  certain  gauges  at  Ports  Dalhousie  and 
Colbome,  at  the  lower  and  upper  ends  of  the  Welland  Canal 
respectively,  were  found  by  levelling  between  them,  thus  con- 
necting Lake  Ontario  with  Lake  Erie.  Lakes  Erie  and  Huron 
were  joined  in  a  similar  manner  by  connecting  a  gauge  at  Rock- 


340  SURVEYING 


wood,  at  the  mouth  of  the  Detrdt  River  with  one  at  Lakeport, 
at  the  lower  end  of  Lake  Huron.  Lakes  Michigan  and  Huron 
were  assumed  to  be  of  the  same  level  on  account  of  the  small 
flow  between  them  and  the  very  large  sectional  area  of  the  Straits 
of  Mackinac.  Finally,  a  gauge  at  Escanaba,  on  Lake  Michigan, 
was  joined  by  a  line  of  levels  with  one  at  Marquette,  on  Lake 
Superior.  This  completed  the  line  of  levels  from  New  York 
to  Lake  Superior,  when  sufficient  gauge-readings  had  been 
obtained  to  enable  water  levels  to  be  carried  from  Oswego  to 
Port  Dalhousie,  on  Lake  Ontario;  from  Port  Colbome  to  Rock- 
wood,  on  Lake  Erie,  and  from  Lakeport,  on  Lake  Huron,  to 
Escanaba,  on  Lake  Michigan.  It  was  found  that  these  water 
levels  were  very  accurate.  Relative  gauge  readings  were  com- 
pared for  calm  days,  as  well  as  for  days  when  the  wind  was  in 
various  directions,  and  a  final  mean  value  found  which  in  no 
case  had  a  probable  error  as  great  as  o.i  foot.^  More  recent 
records  of  the  Great  Lakes  Survey  show  even  more  accurate 
results,  which  in  fact  are  better  than  the  best  precise  levels. 

A  line  of  levels  run  along  a  lake  shore  or  canal  in  calm  weather 
should  be  checked  at  intervals  by  reading  to  the  water  surface, 
and  in  a  topographical  survey  the  stadia  rod  should  frequently 
be  held  at  the  water  surface,  even  when  the  body  of  water  is  a 
stream  with  considerable  slope,  as  it  gives  a  check  against  large 
errors  even  then,  and  at  the  same  time  gives  the  slope  of  the 
stream.  Mean  sea  level  at  all  points  on  the  seacoast  is  universally 
assumed  to  define  one  and  the  same  level  surface.  It  is  probable, 
however,  that  this  is  not  strictly  true.  Wherever  a  constant 
ocean  current  sets  steadily  against  a  certain  coast,  it  would  seem 
that  the  water  here  must  be  raised  by  an  amount  equal  to  the 
head  necessary  to  generate  the  given  lost  motion.  If  the  current 
flows  into  an  enclosed  space,  as  the  equatorial  cuirent  into  the 
Gulf  of  Mexico,  or  the  tides  into  the  Bay  of  Fundy,  the  water 


'  See  Professional   Paper  No.  24,  Primary  Triangulation   of  the  U.  S.  Lake 
Survey,  1882. 
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surface  may  rise  much  higher.  There  is  some  evidence  that 
the  elevation  of  mean  tide  in  the  Gulf  of  Mexico  is  two  or  three 
inches  higher  than  that  of  the  Atlantic  at  Sandy  Hook,  The 
evidence  on  this  point  is  as  yet  insufficient  to  warrant  any  certain 
conclusion,  however. 

260.  River  Slope  is  a  very  important  part  of  a  river  survey. 
Sometime  it  is  desirable  to  determine  it  for  a  given  stretch  of 
river  with  great  care,  in  which  case  it  is  well  to  set  gauges  at 
the  points  between  which  the  slope  is  to  be  found  and  connect 
them  by  duplicate  lines  of  accurate  levelling.  The  gauges  are 
then  read  simultaneously  every  five  minutes  for  several  hours 
and  the  comparison  made  between  their  mean  readings.  For 
ordinary  purposes  the  river  slope  may  be  determined  with  suffi- 
cient accuracy  by  simply  reading  the  level  or  the  stadia  rod  at 
water  surface  as  the  survey  proceeds,  daily  readings  of  stage  being 
made  at  permanent  gauges  at  intervals  of  twenty  miles  or  less 
along  the  river,  depending  on  the  accuracy  desired.  The  water 
surface  is  then  reduced  to  some  particular  stage. 

In  all  natural  channels  the  local  slope  is  a  very  variable 
quantity.  It  is  frequently  negative  for  short  distances  in  certain 
stages,  and  over  the  same  short  stretch  of  river  it  may  vary  enor- 
mously at  different  stages,  and  even  for  the  same  stage  at  different 
times.  This  is  determined  by  the  local  channel  conditions,  and 
these  are  constantly  changing  in  streams  flowing  in  friable  beds 
and  subject  to  material  changes  of  stage.  Great  caution  must 
therefore  be  exercised  in  introducing  it  into  any  hydraulic  formulae 
for  natural  channels.  It  is  usually  expressed  as  a  fraction,  being 
really  the  natural  sine  of  the  angle  of  the  surface  to  the  horizon. 
That  is,  if  the  slope  is  one  foot  to  the  mile  it  is  ^^Vir= 0.000180. 

261.  Transit  and  Stadia  Locations.  For  locating  detail 
soundings  in  a  lake  or  river,  the  transit  and  stadia  method  has 
been  found  both  cheap  and  accurate. ^     If  the  river  is  wider  than 


»  See  paper  by  Professor  John  L.  Van  Ornum,  C.E.,    Jour.  Asso.  Eng.  Soc, 
Vol.  XIV,  March,  1895. 
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1500  feet  a  party  can  be  placed  on  each  side  of  the  river.     Occa- 
sionally the  transitmen  can  secure  a  check  on  the  work  by  exchang- 
ing azimuths,  each  transitman  also  reading  the  distance  between 
instruments.     Each  transit  party  would  consist  of  the   transit- 
man  and  the  recorder.     The  same  party  with  the  addition    of 
rodmen  could,  if  desirable,  take  the  topography  adjacent  to  the 
river,  or  this  work  and  the  setting  of  sounding  stations  might 
properly  be  given  to  a  separate  party.     The  boat  party  would 
consist  of  a  recorder,  steersman,  leadsman,  stadia-rodman,  and 
two  or  more  oarsmen.  •  The  leadsman  is  stationed  in  the  bow 
of  the  boat  with  the  rodman  close  by  him,  the  latter  always  holding 
his  rod  vertical  and  facing  the  transitman.     The  leadsman  takes 
the  soundings  and  calls  them  out  to  the  recorder  at  the  same 
time  giving  a  signal  to  the  transitman.     The  latter  in  the  case 
of  a  river  surv^ey  would  be  able  to  read  the  stadia  distance  and 
at  the  same  time  measure  the  azimuth  to  the  sounding  pole  or 
line,  thus  fixing  the  position  of  the  sounding  by  polar  co-ordinates. 
In  order  to  identify  the  soundings  with  the  proper  locations,  the 
transitman  and  leadsman  exchange  signals  with  different  colored 
flags  when  a  location  and  sounding  are  made,  and  this  fact  is 
made  a  part  of  the  record.     Time  may  be  taken,  but  usually 
only  at  the  beginning  and  end  of  each  line  is  found  necessar>'. 
The  supporters  of  this  method  claim  the  following  advantages 
for  the  transit  stadia  system : 
(i)  Economy. 

(2)  Elasticity  of  adaptation  to  conditions. 

(3)  More  numerous  locations  of  soundings. 

(4)  More  accurate  location  than  reading  angles  by  two  transits 
or  by  the  use  of  a  sextant  in  a  boat. 

(5)  Adequate  instrumental  oversight  of  the  work  at  the  time. 
262.  Sotmding  by  "  Sweeping."    In  comparatively  shallow 

water  where  the  mean  bottom  is  only  a  few  feet  greater  than  the 
draft  of  the  larger  boats,  and  in  water  where  the  bottom  is 
extremely  and  abruptly  irregular,  there  is  no  certainty  that  any 
system   of  sounding  described   above   has   developed   all   small 
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areas  dangerous  to  navigation.  This  fatal  defect  has  led  in 
recent  years  to  the  introduction  of  a  new  system  of  "  sweeping  " 
the  entire  area.'  At  first  "  sweeping "  was  done  chiefly  with 
bars  of  iron  or  chains  suspended  at  known  depths  from  the  ship. 
The  weights  of  these  bars  limited  the  length  of  the  sweep  to 
about  IOC  feet,  and  the  resistance  of  the  bar  was  so  great  as  to 
make  the  process  a  slow  one.  This  led  to  the  introduction  of 
the  wire  sweep,  1200  feet  long,^  held  up  by  a  system  of  buoys 
(Rg.    128)    and    propelled    by    three    launches.     The    outside 


■Sounding  by  Sweeping. 


launches  steer  a  sufficiently  divergent  course  to  keep  the  wire 
taut.  Provision  is  made  for  instantly  detecting  any  existing 
dangerous  shoals,  which  are  promptly  marked  in  a  manner  to 
fl-arn  navigators.  With  one  of  these  outfils,  the  U.  S.  Lake 
Sun'ey  has  covered  26  square  miles  in  one  month. 


'  For  details  o(  Ihis  melhod,  see  Report  of  Chief  Kng.  I'.  S.  A.,  for  190 j,  p. 
»«)  also  Report  U.  S.  Coasl  and  Geodetic  Survey,  1905,  p.  185. 
'  Dcsijpied  by  Mr.  F.  C,  Shenehon,  U.  S.  Asst.  Engineer. 
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CHAPTER   X 

stream  measurement 

The  Discharge  of  Streams 

263.  General  Statement  of  the  Problem.  Measurements 
of  river  discharge  are  usually  made  in  connection  with  water 
supply  problems,  but  sometimes  they  are  made  for  other  purposes, 
as  for  the  location  of  bridge  piers  or  harbor  improvements.  In  the 
case  of  bridge  piers  the  direction  of  the  current  at  different  stages 
must  be  known,  so  that  the  piers  may  be  set  parallel  to  the  direc- 
tion of  the  current.  In  finding  the  discharge  of  the  stream  or 
other  channel  the  object  may  be: 

(1)  To  obtain  an  approximate  value  of  the  discharge  at  the 
given  time  and  place. 

(2)  To  obtain  an  exact  value  of  the  discharge  at  the  given 
time  and  place. 

(3)  To  obtain  a  general  formula  from  which  to  obtain  sub- 
sequent discharges  at  the  given  place,  or  to  test  the  truth  of 
existing  formulae,  or  to  determine  the  relative  efficiency  of  certain 
appliances  or  methods. 

It  will  be  assumed  that  the  second  object  is  the  one  sought, 
and  modified  forms  of  the  methods  used  to  accomplish  this  may 
be  chosen  for  other  cases. 

The  mean  velocity  of  a  stream  is  by  definition  the  total  dis- 
charge in  cubic  feet  per  second  divided  by  the  area  of  the  cross- 
section   in  square  feet.    This  gives  the  mean  velocity  in   feet 
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per  second.  Evidently  this  is  the  mean  of  the  velocities  of  all 
the  small  filaments  (as  of  one  square  inch  in  area)  on  the  entire 
cross-section.  If  the  velocities  of  these  filaments  could  be  simul- 
taneously and  separately  observed  and  their  mean  taken,  this 
would  be  mean  velocity  of  the  stream.  It  is  quite  impossible 
to  do  this;  but  the  nearer  this  is  approached,  the  mprt  accurate 
is  the  final  result.  If,  however,  we  could  obtain  by  a  single 
observation  the  mean  velocity  of  all  the  filaments  in  a  vertical 
plane,  the  number  of  necessary  observations  would  be  diminished 
without  diminishing  the  accuracy  of  the  result. 

264.  Factors  Controlling  the  Accuracy  of  Stream  Meas- 
urement. The  determination  of  the  rate  of  flow  past  a  certain 
section  of  a  stream  is  termed  a  "  discharge  measurement."  This 
rate  is  the  product  of  two  factors,  the  cross-section  and  its  mean 
velocity.  The  first  factor  can  easily  be  measured  with  all  needful 
accuracy.  The  mean  velocity  is  a  function  of  the  surface  slope, 
wetted  perimeter,  roughness  of  bed,  etc.,  and  is  very  difficult 
to  measure  accurately.  This  is  chiefly  due  to  the  fact  that  the 
velocity  at  every  point  changes  slightly  even  at  a  time  when 
the  stream  has  a  constant  discharge  and  hence  constant  mean 
velocity.^  These  changes  in  water  currents,  when  closely  observed, 
appear  very  complex.  The  water  can  be  seen  to  boil  and  swirl, 
the  movement  being  upward  here,  downward  there,  and  at  still 
other  places  diagonally  across  the  stream. 

If,  therefore,  only  a  few  single  measurements  of  velocity  are 
made,  there  will  be  grave  danger  that  their  mean  will  not  cor; 
rectly  represent  the  average  of  the  entire  cross-section. 

Again,  the  accuracy  of  a  stream  measurement  will  depend 
in  large  measure  upon  a  proper  choice  of  gauging  station.  In 
selecting  a  permanent  gauging  station  as  many  of  the  following 
features  should  be  secured  as  possible: 

{a)  A  straight  reach  of  about  500  feet  both  above  and  below 
the  station. 


'  This  applies  to  smaller  streams  especially. 
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(b)  The  river  bed  should  be  permanent  but  not  stony. 

(c)  The  banks  should  be  of  sufficient  height  to  contain  the 
floods. 

(rf)  The  section  should  be  free  from  the  influence  of  bridge, 
piers  and  mill  dams. 

Again,  experience  has  shown  that  Jltictuations  in  the  height 
of  the  water  dufing  a  measurement  influences  the  accuracy  of 
the  work. 

The  appreciation  of  the  importance  of  this  work  has,  in  recent 
years,  brought  about  marked  improvements  in  both  the  instru- 
ments and  the  methods  used  in  stream  measurement.  These 
methods  fall  naturally  into  three  classes: 

(i)  Velocity  method.     (2)  Slope  method.     (3)  Weir  method. 

265.  Methods  of  Meastiring  Mean  Velocity.  The  two 
most  common  methods  of  observing  the  velocity  of  water  is  by 
the  use  of  rod  floats  and  by  current  metres.  Because  of  floating 
in  the  water,  the  rod  float  gives  the  velocity  directly.  The  current 
metre  gives  the  velocity  only  indirectly.  The  impact  of  the 
water  causes  the  current  metre  wheel  to  revolve,  but  in  order 
to  compute  the  velocity  of  the  water  it  becomes  necessary  to 
calibrate  the  current  metre,  i.e.,  to  find  the  ratio  between  the 
velocity  of  the  wheel  and  the  corresponding  velocity  of  the  water.' 

2TO.  Current  Metre  Method.  A  current  metre  for  meas- 
uring the  velocity  of  water  comprises  two  essential  parts:  ist,  a 
wheel  which  when  suspended  in  the  water  is  made  to  revolve 
by  the  pressure  of  the  water,  and  2d,  a  device  for  recording  or 
indicating  the  number  of  revolutions  of  the  wheel.  Current 
metres  may  be  divided  into  two  classes,  direct  action  and  differ- 
ential action,  depending  upon  whether  the  water,  in  revolving 
the  wheel,  does  or  does  not  exert  a  force  which  tends  to  retard 
the  motion  of  the  wheel.  Wheels  of  the  first  class  consist  of 
flat  or  warped  surface  vanes,  set  on  a  horizontal  axis.     The 


*  There   are  other  methods  of  obtaining  the  velocity  of  water,  but  all  have 
little  application  in  stream  measurement. 
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Haskell  and  Ftcley  metres  are  good  examples  of  this  class.     (See 
Figs.   129  and  130).     In  this  class  of  metre  the  friction  of  the 
wheel  on  its  bearing  increases  as  the 
velocity  decreases,  hence  for  extreme 
slow  velocities  it  is  not  as  well  suited. 

The  wheels  of  differential  metres 
are  made  up  of  a  series  of  cups  which 
revolve  on  a  vertical  axis.  Because 
of  the  resistance  of  the  water  on  the 

convex  side  of   the  cups   this  type  of  I 

metre  revolves  slower  than  the  first. 

The  Price  and  Ellis  metres,  shown 
in  Figs.  131,  132,  133,  and  134,  arc 
good  examples  of  this  class.  The 
essentials  of  a  good  current  metre 
are: 

(a)  Simplicity  of  construction,  with 
no    delicate    parts    likely  to   get   out 

of  order;    (/>)  small  area  of  resistance         y^^   119.— Fieley  Metre, 
to   the   velocity   of  the  water;    (c)   a 

simple  and  effective  device  for  indicating  the  number  of  revolu- 
tions;  (d)  adaptable  for  use  under  all  conditions.' 


Fin.   130.— Haskell  Metre. 

267.  Rating  the  Metre.     A  metre  is  rated  by  conducting  it 
through  water  over  a  measured  base,  and  noting  the  time  and 

'  The  above   cUssificalion   and    descriplion   ot  metres    is  rondenseil    from   a 
paper  by  Mr.  J,  C.  Hoyt,  C.E.,  Proceetlii^s  Am.  Soc.  C.F,.,  August,  1909. 
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Fig.  131. — Price  Acoustic  Metre. 


Fig.  132. — Price  Electric  Metre. 
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the  number  of  revolutions.  From  these  data  the  velocity  in 
[eet  per  second  and  the  revolutions  per  second  are  computed 
for  each  trial.  Many  trials  arc  made  at  speeds  varying  from 
the  least  which  will  turn  the  wheel,  to  five  or  more  feet  per  second. 


Fir..   1,13.— Kllis  Meire 


Commonly  the  metre  is  mounted  to  the  bowsprit  of  a  boat,  as 
shown  in  Fig.  135,  which  is  then  towed  along  the  base  line  at 
vaiying  speeds.  More  accurate  results  may  be  obtained  by 
suspending  the  metre  from  a  car  which  moves  on  a  permanent 
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Flc.  134.— Mc-   Metre  Cro 


track.     (See  Fig.    1,^6.)    The  following  table  gives  the  record 
of  a  metre  rating,  and  will  explain  itself:  ' 

■  Made  by  C.K.  Mudenls  in  ihc  University   c.f  Wi4.i.nsin  Suiiinur  Sih.i.il  of 
Surveying. 
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XOXKS   FUR    RATING    PRICE   CLRRKNT   METRE, 
JUNE,  mOT.  PORTAGR,  WIS. 


Time, 

Seconds. 

Number     Ve 

^.v  1 

SSSi- 

Trial. 

Revolu-      PC 

iT" ' 

Remu-ks. 

183. 1 

34.35         ° 

546  '  0 

187 

Price  meire  No.  ;68 

.78 

4 

37.0 

56J 

307     ««  =  o..97 

Portage.  June.  1907 

203 

6 

39- =5 

493  ' 

■93     ^'«-o.534 

Base  line  100  ft. 

186 

S 

37-5 

537 

U.  S.  Canal  Lock 

6a 

36.75        ' 

6.11 

S' 

7 

42.0          . 

934 

8[3  !  Rm  —  0.^2fl  .                Pany: 

56 

43 -o          ' 

773  ' 

761     f„  =  i.776  ,  Chief,  L.  S.  Smith. 

57 

6 

41.5          ' 

7:^  1 

730  J                         ,  Timer,  Urson. 

h°    1  ■ 

063  j                         Recorder,  Milstein. 

a8 

9 

43-5          3 

46       1 

39 

3 

43-0         3 

41     .  I 

467     fm  =  3.i65 

Swenholl. 

37 

I 

43-5      .    3 

69    j  I 

605  J 

'9 

7 

43 -o      '    5 

07     !  I 

'831 

10 

43-0      1    4 

95      1  ^ 

123     Ak  — 3.19Q 

"9 

44-0      1    .S 

.6          3 

316     l'„-s.o62 

I6 

' 

43.0      1    4 

"   1- 

»39-' 

E  Rating  Slation  ai  Los  Angeles,  Cal. 
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268.  The  Graphical  Solution  of  a  Metre  Rating.     There 

are  two  ways  of  finding  the  constants  of  the  metre — the  graphical 
and  the  analytical. 

The  first  is  much  simpler  than  the  second  and  can  be  made 
quite  as  accurate  by  the  use  of  the  following  plan: 

Plot  the  velocities  in  feet  per  second  as  abscissas  and  revo- 
lutions per  second  as  ordinates  of  the  rating  curve,  and  draw  a 
mean  curve  through  the  platted  points.^  For  velocities  of  two 
feet  or  less  per  second,  use  a  scale  of  5  inches  per  foot  and  for 
velocities  above  2  feet  per  second,  use  i  inch  per  foot.  The  scale 
for  revolutions  per  second,  for  velocities  of  2  feet  or  less  should 
be  10  inches  per  revolution  per  second,  while  for  velocities  greater 
than  2  feet,  it  should  be  2  inches  per  revolution  per  second.- 
Fig.  137  shows  a  rating  curve,  but  very  much  reduced  in  size. 
A  velocity  table  can  be  prepared  from  such  a  curve  or  the  cun-e 
may  be  used  directly  to  reduce  revolutions  per  second  into  velocity 
in  feet  per  second. 

269.  The  Analytical  Solution.  An  examination  of  rating 
curves  shows  that  with  few  exceptions  they  are  either  straight 
lines  or  may  be  considered  as  made  up  of  two  or  more  straight 
lines,  the  equation  of  which  is 

V==aR-\-c, (i) 

where  V  is  the  velocity  of  the  water  and  R  represents  the  revo- 
lutions of  the  wheel  per  second.  The  coefficient  a  is  the  ratio 
of  the  revolutions  per  second  to  the  corresponding  velocity  in 
feet  per  second.  The  constant  c  represents  the  velocity  which 
will  just  overcome  the  friction  of  the  wheeL  If  the  observed 
velocit)'  and  the  corresponding  observed  revolutions  per  second 
be  substituted  for  V  and   R  in   Eq.    (i)    we    have    an    obser- 


*  If  the  observations  are  taken  in  groups,  as  shown  in  the  preceding  field  notes, 
the  mean  curve  can  be  drawn  through  the  mean  of  each  group  with  great  accuracy. 

*  This  requires  the  construction  of  two  curves,  one  for  high  and  one  for  low 
velocities.     Sec  Fig.  1.^7.     The  curve  on  the  right  is  for  low  velocities. 
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vation  equation  containing  only  two  unknown  quantities  a  and  c. 
The  substitution  of  a  second  set  of  observed  values  for  V  and  R 
will  give  a  second  and  simultaneous  equation.  From  these  two 
equations  values  for  the  constants  a  and  c  can  easily  be  determined. 
By  reference  to  the  field  notes  on  page  351  it  will  be  noted 
that  the  observations  have  been  taken  in  four  groups  corre- 
sponding to  mean  velocities  of  7=0.534,  ^2=  1.776,  73  =  3.265, 
F4=- 5.062  (feet  per  second).  The  corresponding  mean  revolu- 
tions of  the  wheel  per  second  are  R^o.igy,  R2  =  o.y26y  Rs=  1.410, 
i?4  =  2.i9o.  Substituting  these  observed  values  of  V  and  R  in 
Eq.  (i)  we  have  the  following  observation  equations: 

0.534  =  0.197  a -fr, (2) 

1.776  =  0.726  a -hf, (3) 

3.265  =  1.410  a +C, (4) 

5.062  =  2.190  a +  c (5) 

Solving  Eqs.  (2)  and  (3)  we  obtain  values  of  a  and  c  for  slow 
velocities  while  Eqs.  (3)  and  (4)  give  values  for  the  middle  and 
(4)  and  (5)  values  for  the  upper  part  of  the  curve. 

A  velocity  rating  table  can  now  be  prepared  in  which  the 
argument  may  be  either  the  revolutions  of  the  wheel  per  second, 
or  the  times  of  100  revolutions.  An  example  of  the  first  method 
is  the  rating  table  on  the  following  page. 

270.  Variations  of  Velocity  in  a  Given  Cross-section.  The 
velocity  varies  at  different  depths  in  any  given  vertical  section 
and  the  mean  velocity  also  varies  with  its  distance  from  the  shore. 
The  variations  in  the  velocity  at  different  depths  have  been  found 
not  to  vary  with  the  stage  of  water  except  between  narrow  limits. 
This  fact  makes  possible  an  accurate  determination  of  the  mean 
velocity  of  the  stream  with  only  a  comparatively  small  number  of 
velocity  measurements,  provided  that  the  latter  are  properly 
distributed  in  the  cross-section. 
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RATING   TABLE   FOR   METRE   No.  264  * 

From  observations  made  June  22,  1909,  at  Portage,  Wis.  by  C.  W.  E^AU, 
computations  made  by  C.  \V.  E.  Description  of  metre — Price  Electric  Metre 
submerged  3  feet. 
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271.  Velocity  in  the  Vertical  Plane  under  Open  Conditions. 

The  variation  of  the  velocity  in  the  vertical  under  open  conditions 
can  be  best  understood  by  a  study  of  Fig.  138  ^  which  is  based 
on  actual  measurements.  In  these  curves  the  measured  veloci- 
ties, expressed  in  per  cent  of  the  mean,  are  platted  as  abscissas, 
and  the  depths  in  per  cent  of  the  total  depth  are  platted  as  ordi- 
nates.  The  three  curves  represent  rivers  with  (a)  smooth,  (b) 
rough  beds  and  (c)  under  general  conditions.  It  will  be  noted 
from  Fig.  138  that  the  mean  of  78  vertical  curves  under  general 
conditions  locates  the  mean  velocity  almost  exactly  at  .6  of  the 
depth,  while  the  curves  taken  in  rivers  with  smooth  or  rough 
beds  vary  only  2  or  3  per  cent  from  this  condition. 

Again  these  curves  show  that  the  average  of  the  velocities 
observed  at  .2  and  .8  of  the  depth,  even  more  closely  gives  the 
mean  velocity  of  the  vertical  section.     And  in  general  these  curves 

'  Taken  from  the  records  of  the   University  of  Wisconsin  Summer  School  of 
Sun-eying. 

'  Taken  from  Water  Supply  Paper  No.  76,  U.  S.  G.  S.,  by  H.  A.  Pressey. 
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prove  that  only  a  single  measure  of  velocity  is  necessary  to  com- 
pute the  mean  of  the  vertical  section,  provided  the  proper  coeffi- 


.10 


— Mean  of  78  ourves,  general 
—Mean  of  36  cur\'es,  smooth 
-j ^Mean  of  25  curvee,  rough 


M)aditions 
)ed 


Velooity  tn  terms  of  mean  velocitjr  <=^00. 
Fig.  138. — Velocities  in  the  Vertical  Plane. 

cient  be  known.     Thus  to  reduce  mid-depth  velocities  to   mean 
velocities,  we  multiply  the  former  by  .94.     See  also  Fig.  143. 


METHODS  OF   PLANE   SURVEYING  357 

272.  Velocity  in  the  Vertical  Plaae  under  Ice  Conditions. 
When  a  river  channel  is  covered  with  ice,  the  above  relations 
are  changed,  because  the  increased  friction  between  ice  and  water 
retards  the  velocity  of  the  water  adjacent. 

Fig.  139  shows  in  a  striking  manner  the  effect  of  ice  cover 
in  retarding  the  velocity  near  the  surface.  A  study  of  Fig.  140  ' 
which  shows  a  normal  vertical  curve  both  with  ice  cover  and 


Fig.  ijq. — Velocily  wilh  Ice  Cover,     From  U.  S,  Geological  Survey 
Water  Supply,  Papc'  No.  76. 

viithout,  will  assist  in  understanding  the  effect  of  this  increased 
friction.  In  both  cases  it  will  be  seen  ihat  the  average  of  the 
velocities  at  .2  and  .8  depth  gives  the  mean  of  the  section.  In 
general  it  may  be  stated  that  the  work  of  measuring  an  ice-covered 
river  is  more  difficult  and  less  accurate  than  under  open  conditions. 
273.  Velocity  from  Bank  to  Bank.  Not  only  does  the 
velocity  of  the  water  vary  at  different,  depths  as  shown  in  Arts. 
170  and  271,  but  it  varies  with' the  distance  from  the  shores  or 
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bridge  piers.  This  is  shown  in  Figs.  141  and  142,  where  the  distances 
from  the  shore  are  platted  as  abscissas  and  the  mean  velocity 
for  the  corresponding  points  are  platted  as  ordinates  of  the  hori- 
zontal mean  velocity  curve.     In  measuring  the  flow  of  ordinary 
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Fig.  140. — Velocity  in  Vertical  Plane. 
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sized  rivers,  no  attempt  is  made  to  find  any  one  section  whose 
mean  velocity  will  be  the  mean  of  the  entire  river.  In  the  case 
of  very  wide  rivers  like  the  St.  Lawrence  and  St.  Clair,  the  usual 
methods  fail  because  of  the  length  of  time  required  to  cover  the 
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Fig.  141. — Observed  Velocilies  in  ihe  Cross-seclion. 
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entire  river  cross-section,  and  other  methods  must  be  adopted 
based  upon  the  horizontal  mean  velocity  curve.    See  Art.  281. 

Rod  Floats 

274.  The  Use  of  Floats  in  Determining  Velocity  and 
Discharge.  Where  a  single  or  only  occasional  measurement  of 
the  flow  of  a  river  is  to  be  made  the  use  of  floats  is  deemed  pref- 
erable. Floats  are  of  three  general  types:  surface,  subsurface, 
or  double  floats  and  tube  or  rod  floats.  The  general  method  of 
their  use  is  as  follows :  A  suitable  site  is  selected  on  a  long  straight 
reach  having  a  fairly  uniform  cross-section  and  free  from  eddies 
or  cross  currents.  A  base  line  50  to  300  feet  in  length  is  then 
measured  on  the  bank  parallel  to  the  stream,  which,  if  not  too 
wide,  is  spanned  by  two  parallel  wires  conspicuously  divided  by 
tags  into  equal  parts  of  from  5  to  25  feet,  depending  upon  the 
size  of  the  river.  These  wires  are  drawn  from  both  ends  of 
the  base  line  and  perpendicular  to  it.  Careful  soundings  to 
tenths  of  a  foot  are  then  taken  along  the  wires  at  each  tag.  If 
the  river  is  too  wide  to  use  this  method,  then  the  soundings  can 
be  made  and  located  by  some  one  of  the  various  methods  explained 
in  Arts.  239-246.  The  floats  are  then  dropped  from  a  boat  into 
the  stream  at  least  50  feet  above  the  upper  cross-section.  An 
observer  in  the  boat  notes  the  station  on  each  cross-section  under 
which  the  float  passes  and  returns  the  float  to  the  upper  section. 
A  second  observer  with  stopwatch  notes  the  time  taken  for  the 
float  to  travel  the  measured  distance  between  the  cross-sections. 
Surface  floats  consisting  of  chips  are  frequently  used  in  recon- 
naissance work,  but  not  even  approximate  results  can  be  exjjected 
from  such  a  plan  if  the  wind  be  blowing. 

275.  By  Subsurface  Floats.  The  ideal  subsurface  float 
consists  of  a  large  intercepting  area  maintained  at  any  depth 
in  a  vertical  position  by  means  of  a  fine  cord  joined  to  a  surface 
float  of  minimum  immersion  and  resistance,  which  bears  a  signal- 
flag.     As  good  a  form  as  any,  perhaps,  for  the  lower  float,  or 
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intercepting  plane,  consists  of  two  sheets  of  galvanised  iron  set 
at  right  angles,  and  intersecting  in  their  centre  lines,  as  shown 
in  Fig,  144.  There  are  cylindrical  air  cavities  along  the  upper 
edges  and  lead  weights  attached  to  the  lower  edges  of  the  vanes. 
These  serve  to  give  the  desired  tension  on  the  connecting  cord 
and  to  maintain  the  float  in  an  upright  position,  even  though 
the  cord  is  drawn  out  of  the  vertical  by  faster  upper  currents. 


Fl(-..  M4---Sll1)m<:rnL-.l  Floal. 

The  vanes  should  be  from  6  to  15  inches  in  breadth  and  from 
8  to  20  inches  high,  according  to  the  size  of  the  stream. 
The  circular  ribs  serve  sim])ly  to  hold  the  vanes  in  place. 
The  upper  float  is  hollow,  cylindrical  in  plan,  and  carries  a 
small  flag.  The  tension  on  the  cord  should  be  from  one  to 
five  pounds,  according  to  the  size  of  the  floats.  The  cord  itself 
should  be  of  woven  silk  and  iis  small  as  possible,  so  as  to  exercise 
a  minimum  influence  on  the  motion  oi'  the  lower  float.     Wire 
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is  not  suitable  for  this  purpose,  as  it  kinks  badly  in  handling. 
The  theory  is  that  the  lower  float  will  move  with  the  water  which 
surrounds  it,  and  that  the  upper  float  will  be  accelerated  or 
retarded  according  as  the  surface  current  is  slower  or  faster 
than  that  at  the  submerged  float.  The  velocity  of  the  current 
at  any  depth  can  thus  be  determined  by  running  the  lower  float 
at  this  depth  end  obser\'ing  the  time  required  for  the  upper  float 
to  pass  between  two  fixed  range  lines  at  right  angles  to  the  direc- 
tion of  the  current  about  200  feet  apart.  The  floats  are  started 
about  100  feet  above  the  upper  range  line,  and  picked  up  after 
having  passed  the  lower  range.  Two  transits  are  usually  used 
for  locating  and  timing  the  floats,  one  being  set  on  each  range. 
When  the  float  approaches  the  upper  range  the  observer  on  this 
line  sets  his  telescope  on  range  and  calls  **  ready  "  as  the  float 
enters  his  field  of  view.  The  other  observer  then  clamps  his 
instrument  and  follows  the  float  with  the  aid  of  the  slow-motion 
or  tangent  screw.  When  the  float  crosses  the  vertical  wire  of 
the  upper  instrument  he  calls  '*  tick,"  and  the  lower  observer 
reads  his  horizontal  angle.  He  then  sets  his  telescope  on  the 
lower  range  while  the  upper  observer  follows  the  float  with  his 
telescope,  and  the  operation  is  repeated  to  obtain  an  intersection 
on  the  lower  range.  One  or  two  timekeepers  are  needed  to  note 
the  time  of  the  two  *'  tick  "  calls,  the  difference  being  the  time 
occupied  by  the  float  in  passing  from  the  upper  to  the  lower 
range  line.  Both  these  signals  are  sometimes  transmitted  tele- 
graphically to  a  single  timekeeper.  When  the  angles  are  plotted 
the  path  of  the  float  is  also  obtained. 

The  chief  objection  to  double  floats  is  the  uncertainty  as  to 
whether  the  cord  is  vertical,  and  the  consequent  uncertainty  as 
to  the  position  of  the  subsurface  float.  Another  objection  is  the 
modifying  effect  of  the  surface  float  and  the  cord  upon  the  velocity 
of  the  lower  float.  In  general,  better  and  cheaper  results  can  be 
obtained  by  the  use  of  rod  or  tube  floats. 

276.  Rod  or  Tube  Floats.  These  consist  of  long  cylindrical 
tin  tubes  or  light  wooden  poles,  i  to  2  inches  in  diameter,  and  of 
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various  lengths,  weighted  at  the  bottom,  so  that  they  will  float 
vertically  with  only  2  or  3  inches  exposed  above  the  water  surface. 
Such  rods  will  integrate  the  velocities  in  a  vertical  filament  and 
provided  they  extend  nearly  to  the  bottom  can  be  made  to  give 
reliable  results.  Care  should  be  taken  to  use  the  longest  float 
possible  at  each  station.  This  length  should  not  be  less  than  .9 
of  the  depth. 

277.  Computation  of  Discharge  by  the  Rod-Float  Method. 
The  first  step  is  to  compute  the  area  in  square  feet  of  each  sub- 
division of  the  cross-section.  Each  of  these  is  multiplied  by  the 
mean  velocity  of  such  partial  cross-section  as  given  by  the  corre- 
sponding floats.  This  product  represents  the  discharge  in  cubic 
feet  per  second  through  the  respective  partial  cross-section  and 
the  sum  of  all  such  products  gives  the  total  discharge  of  the 
stream. 

In  extensive  experiments  made  by  James  B.  Francis  ^  and 
others  it  was  found  that  the  measurement  of  velocities  by  rod 
floats  were  nearly  always  large  as  compared  with  measurements 
made  bv  a  standard  weir.  This  was  due  to  the  fact  that  the 
rod,  because  of  not  reaching  the  bottom,  was  not  affected  by  the 
extreme  low  velocity  near  the  stream  bed,  and  hence  indicated 
too  great  a  velocity.  He  found  that  this  effect  could  be  cor- 
rected by  multiplying  the  discharge  as  obtained  with  the  floats, 
by  a  coeflScient  C  as  follows: 

^Q-CQ\  in  which, 
^  =  actual  discharge, 
Q'  =  discharge  as  determined  by  rod  floats. 

C= coefficient  =T-o. 1 16  (v^/>>  — o.i)  and 

distance  of  bottom  of  float  from  bottom  of  stream 


D  =  ratio  of 


depth  of  stream 


^  See  "  Lowell  Hydraulic  Experiments,"  by    J.  B.  Francis,  pp.  146-208.     See 
also  Water  Supply  Paper  No.  Q5,  by  U.  S.  (J.  S.,  by  E.  C.  Muq)hy,  p.  54. 
'  This  correction  should  1^  applied  to  each  partial  discharge. 
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If  preferred,  the  same  computation  can  be  made  graphically 
as  follows:  (See  Fig.  145.)  Plat  the  two  cross-sections  of  the 
stream  over  each  other  and  draw  the  average  section  between 
them.  Also  draw  the  length  of  all  floats  in  their  average  posi- 
tions on  the  mean  cross-section.  Under  each  float  lay  off  the 
velocity,  corrected  by  the  above  coeflScient,  as  ordinates,  and 
draw  a  mean  velocity  curve  through  all  such  ordinates.  Finally 
multiply  each  ordinate  of  the  velocity  curve  by  the  corresponding 
ordinate  of  the  mean  cross-section  and  plat  the  products  as  ordi- 
nates to  the  discharge  curve.  Draw  through  such  ordinates  a 
smooth  curve  and  its  area  will  represent  to  scale,  the  discharge 
of  the  stream  in  cubic  feet  per  second. 

278.  The  Advantages  of  JRod  Floats  are  as  Follows  :i  (i) 
They  interfere  less  with  the  natural  motion  of  the  water;  (2)  they 
measure  velocity  directly;  (3)  they  can  be  used  in  streams  of 
any  size;  (4)  they  are  not  affected  by  silt  or  weeds;  (5)  they 
measure  only  forward  velocity;  (6)  they  are  easily  made  and 
cheap. 

Their  disadvantages  are:  2  (i)  they  are  affected  to  some  extent 
by  wind;  {2)  they  no  not  give  mean  velocity,  but  velocity  of 
•impulses;  (3)  they  cannot  be  used  in  very  deep  streams  or  in 
streams  of  rough  or  irregular  bed;  (4)  they  are  expensive  to 
operate. 

279.  Discharge  Measurements  with  Current  Metre.  Dis- 
charge measurements  of  a  river  may  be  made  from  a  bridge, 
cable,  boat  or  by  wading,  but  the  same  method  is  used  for  all. 
A  section  is  first  selected  at  right  angles  to  the  stream,  which  is 
then  divided  into  a  convenient  number  of  partial  areas.  These 
division  points,  2  to  20  feet  apart,  are  marked  and  referenced 
so  they  can  be  recovered  later.  Accurate  soundings  are  then 
made  at  each  division  point.  If  made  from  a  bridge  the  lead 
is  lowered  until  the  bottom  is  reached  and  a  point  is  marked 


'  See  Proc.  Inst.  Civil  Engineers,  Vol.  LXXI,  p.  i 
*  Water  Supply  Paper  No.  64,  V.  S.  G.  S.,  p.  17. 
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on  the  cable  opposite  a  fixed  point  on  the  bridge;  the  weight  is 
then  raised  until  it  just  touches  the  water,  when  the  length  of 
cable  that  has  passed  the  fixed  point  is  measured,  this  being  the 
depth  of  the  water.  The  metre  is  now  lowered  into  the  water 
and  the  mean  velocity  of  the  vertical  filament  determined  by  one 
of  the  following  methods; 

(a)  Vertical  velocity  cun'e  method;  (b)  two-tenths  and  eight- 
tenths  method;  (t)  six-lenths  depth  method  and  (d)  sub-surface 
method, 

(a)  Here  the  velocity  is  measured  jiist  below  the  surface,  at 
each  fifth  or  tenth  of  the  depth  and  at  or  as  near  the  bottom  as 


Fio.  146. — River  Gauging  from  3  CaLle. 

possible.  From  these  measurements  when  platted,  the  mean 
velocity  of  each  section  can  be  computed.  Figs.  141-142  show  the 
results  of  such  measurements.  This  method,  although  accurate, 
is  not  applicable  to  large  rivers  because  of  the  time  consumed  in 
making  such  measurements,  and  is  chiefly  valuable  in  determining 
the  coefficients  required  to  reduce  values  obtained  by  shorter 
methods  to  the  true  result. 

(/))  In  this  method  the  velocities  at  each  section  arc  observed 
only  at  o.a  and  0.8  of  the  depth.  A  study  of  many  hundreds  of 
vertical  velocity  curves  shows  that  the  mean  of  the  velocity  at 
0.2  and  0.8  of  the  depth  gives  very  uniformly  the  mean  velocity 
of  the  section  and  this  is  true  both  in  open  and  in  frozen  con- 
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diticms.     This  method  is  Rcnerally  used  by  the  U.  S,  Geological 
Survey.    See  Fig.  140. 


Flo.  147.— Use  of  Slay  Line  to  hold  Metre  in  place. 

(()  This  method  provides  for  a  single  observation  at  each 
section  and  that  at  0.6  of  the  depth.     Its  justification  rests  upon 


368  SURVEYING 


the  fact  that  in  the  several  hundred  of  vertical  velocity  curves 
examined,  the  mean  depth  of  the  mean  velocity  was  found  almost 
exactly  0.6  of  the  depth.  A\Tiile  much  faster  than  (6)  this  method 
is  not  quite  so  accurate. 

((/)  The  metre  in  this  method  is  held  from  half  to  one  foot 
below  the  surface  and  the  resulting  velocity  multiplied  by  some 
coefficient  to  reduce  it  to  the  mean  velocity.  The  method  is 
commonly  used  at  times  of  a  freshet  when  the  high  velocities 
preclude  the  taking  of  the  velocity  much  below  the  surface.  The 
coefficient  varies  from  78  to  98  per  cent,  depending  upon  the 
depth  and  velocity  of  the  stream.  For  average  streams  in  moderate 
freshets,  a  coefficient  of  90  per  cent  may  be  used;  in  floods  a 
coefficient  of  90  to  95  per  cent;  and  for  streams  at  ordinary 
stages  from  85  to  90  per  cent.^ 

280.  Computations  of  Current  Metre  Measurements. 
These  computations  are  based  upon  the  following  field  work, 
soundings  at  measured  intervals  across  the  stream  and  the  deter- 
mination of  the  mean  velocity  in  the  vertical  at  each  sounding 
point.  The  mean  velocity,  area  and  discharge  for  each  partial 
area  between  soundings  are  computed  independently,  the  total 
discharge  being  the  sum  of  such  partial  discharges.  A  very 
simple  and  accurate  formula  for  making  these  cohiputations  is 
the  following: 


Discharge  =  /.(-±-l)(-^) 


where  ioi  d\y  dz,  d^  are  the  depths  and  Fo,  Fi,  F2,  V^  are  the 
velocities  at  the  measuring  points,  and  /i,  /2,  /«  ^^^  the  measured 
distances  between  such  points.     It  will  be  noted  that  the  prod- 


*  Paper  by  J.  C.  Hoyl,  Proceedings  Am.  Soc.  C.E.,  August,  1909. 

*  For  proof  of  accuracy  see  paper  by  J.  C.  Stevens,  F^ng.  News,  June  25,  1908. 
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uct  of  /  and  the  mean  depth  gives  the  partial  cross-section  and 
that  the  product  of  this  by  the  mean  of  the  corresponding  observed 
velocities  gives  the  partial  discharge. 

On  page  370  will  be  found  the  field  notes  and  office  com- 
putations ^  of  a  discharge  measurement  of  a  river  made  from 
a  bridge.  A  simultaneous  measurement  by  the  rod-float  method 
gave  a  result  about  5  per  cent  in  excess  of  the  meter  measure- 
ment. 

281.  Current  Metre  Measurement  of  Large  Rivers.  The 
usual  methods  of  using  current  meters  are  not  adapted  to  very 
wide  rivers  like  the  St.  Clair,  Detroit  or  Niagara  rivers  because 
of  the  excessive  time  required.  The  following  method  ^  gives 
accurate  results  in  a  fraction  of  the  time.  Two  metres  at  least 
are  required,  one  of  which  makes  a  record  at  a  so-called  index 
point,  located  near  the  centre  of  gravity  of  the  subdivision  of  the 
river  cross-section,  say  100  feet  or  more  wide,  while  the  second 
one  determines  the  mean  velocity  of  frequent  vertical  sections  on 
either  side  of  the  index  point.  From  this  field  work  the  proper 
coefficient  can  be  determined  which  will  reduce  the  velocity 
observed  at  the  index  point  to  the  mean  velocity  of  the  entire 
width  of  100  feet  or  more.  In  this  way  a  river  2600  feet  wide 
can  afterwards  be  accurately  measured  by  observing  the  velocity 
at  the  26  index  points  and  reducing  same  by  the  measured  coeffi- 
cients. If  the  cross-section  remained  the  same  the  coefficie;nts 
would  need  determining  only  once.  Usually  they  have  been  found 
to  change  only  slightly  for  moderate  changes  of  surface  leveF. 

282.  Slope  Method  of  Measuring  Stream  Flow.  This 
method  involves  an  accurate  measurement  of  the  slope  of  the  water 
surface  and  the  cross-section  of  the  stream  together  with  a  knowl- 
edge of  the  roughness  of  the  sides  and  bottom. 


*  Made  by  C.  E.  students  in  the  University  of  Wisconsin  Summer  School  of 
Surveying. 

*  See  Report  of  Chief  Engineer,  U.  S.  A.,  for  1900,  p.  5341;    also  Jour.  W. 
Soc.  Eng.,  p.  451,  1899. 
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CURRENT  METRE  NOTES 

Date  June  28,  1909,  2.M.  Stream,  Baraboo  River. 

Party,  Jessup  and  Beasley.  Locality,  Upper  Bridge. 

Metre  No.  265.        Gauge  height,  beg.  3.76  end  3.78,  mean  377. 
Total  area,  299.8.  Mean  velocity,  2.02.  Discharge,  606.5. 
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Fk.  148. — Method  of  Measuring  the  Flow  ii 
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The  most  commonly  used  formula  is  the  following,  deWsed  by 
Kutter  in  1869: 


F  = 


,     1. 81 1     .00281    - 

4T.6  + -f 

n  s 

(41.6 +  .00281)     n 

1+ 


y/Ri 


V  Rs. 


In  this  formula  F  =  velocity,  in  feet  per  second;    .«'  =  surface 

h 
slope  =  -r,  h  being  the  fall  of  the  surface  in  the  distance  I;  R  = 

¥ 

F 
hydraulic  radius  =  —,  F  being  the  cross-sectional  area  and   w 

w 

the  wetted  perimeter;  and  n  ratio  a  whose  value  varies  from 
0.009  for  a  well-planed  wooden  channel  to  0.035  ^^^  ^  channel 
overgrown  with  weeds  or  covered  with  stones. 

This  is  sometimes  condensed  in  the  equation  F  =  Cv  RS, 

In  determining  the  slope,  precise  levels  are  run  between 
hook  gauges  (Art.  289)  located  at  cross-sections,  as  far  apart  as 
practicable.  The  slope  is  determined  on  both  sides  of  the  river 
and  the  mean  taken  as  the  slope  of  the  river.  Sufficient  cross- 
sections  must  be  taken  between  the  gauges  to  give  an  accurate 
mean  of  the  area  and  the  hydraulic  radius. 

The  disadvantages  of  the  method  are  due  to  the  difficulty  of 
determining  the  slope  wilh  sufficient  accuracy  and  of  selecting 
the  proper  value  of  n  in  the  formula.  The  method  should  not  be 
used  when  either  rod  floats  or  current  metres  are  available.  The 
method  is  sometimes  the  only  one  which  can  be  used  at  times  of 
extreme  flood. 

283.  General  Conclusions.  In  all  forms  of  stream  meas- 
urement, it  should  be  kept  in  mind  that  only  by  taking  the  greatest 
care  in  the  selection  of  the  gauging  section,  and  in  the  planning 
and  executing  of  the  field  work,  can  reliable  results  be  secured. 
FortMnately  except  in  rare  cases  an  error  of  5  per  cent  or  even 
more  would  not  be  significant  for  the  purposes  of  the  work. 
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Where  stream  measurements  are  to  be  made,  only  occasionally, 
the  rod-float  method  will  probably  continue  to  be  the  most  widely 
used.  Under  these  circumstances  it  is  likely  to  prove  more 
reliable  than  the  current  metre  because  of  the  failure  to  either 
properly  calibrate  or  operate  the  metre.  But  where  systematic 
stream  measurements  are  to  be  made  the  current  metre  can 
easily  be  made  the  cheapest  and  most  reliable  method,  while  under 
frozen  conditions  it  furnishes  the  only  practical  method  of  stream 
measurement. 

284.  Application  of  Stream  Measurement.  When  the 
stream  bed  is  fairly  permanent  and  otherwise  complies  with  the 
requisites  for  a  good  gauging  station  (see  Art.  264)  a  compara- 
tively few  stream  measurements  only  are  required  to  enable  an 
accurate  estimate  of  the  daily  flow,  provided  care  is  taken  to 
establish  a  gauge  and  to  read  it  once  or  more  daily. 

The  stream  measurements  should  be  taken  at  various  stages 
from  low  to  extreme  high  water.  With  such  data  a  rating  curve 
of  the  river  can  be  made  by  platting  the  gauge  heights  as  ordinates 
and  the  corresponding  discharges  as  abscissa.  An  example  of 
such  a  curve  is  shown  in  Fig.  149.  This  figure  also  shows  the 
corresponding  mean  velocity  and  area  curves.  These  curves  are 
all  platted  as  functions  of  the  gauge  heights.  The  mean  velocity 
at  any  given  gauge  height  is  obtained  by  dividing  the  measure 
discharge  by  the  measured  area  of  the  corresponding  stream 
cross-section.  The  area  curve  can  be.  best  measured  by  careful 
soundings  taken  at  low  water,  supplemented  by  measurements 
with  tape  and  level  of  that  part  of  the  cross-section  between 
such  low-water  stage  and  the  highest  stage  expected.  When 
the  cross-section  is  platted,  the  area  corresponding  to  each 
additional  foot  of  gauge  height  can  be  calculated  and  the  area 
curve  drawn.  Such  an  area  curve  is  of  use  specially  at  high- water 
stages,  when  accurate  soundings,  especially  the  bottom  half,  are 
very  difiicult  to  secure. 

The  curve  of  mean  velocity  shows  the  relation  between  g^uge 
height  and  the  mean  velocity  of  the  current.    An  effort  should  be 
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made  to  measure  the  mean  velocity  at  enough  gauge  heights  to 
accurately  determine  the  curve.  Sometimes,  however,  it  becomes 
necessary  to  determine  the  curve  from  limited  or  discordant 
values  of  the  velocity.*     It  is  plain  that  the  area  curve  and  the 
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curve  of  mean  velocity  will  give  the  discharge  at  any  gauge  height. 

If  preferred,  a  rating  table  for  the  station  can  be  prepared 

whose  argument  is  the  gauge  height.    By  the  use  of  such  a  rating 

'For   a    full  discussion  of  ihis  whole  matter  see  Iloyt  and   Grover's  "River 
Discharge,"  p.  84,  published  by  John  Wiley   &  Sons. 
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curve  or  table,  a  hydrograph  of  the  river  can  be  constructed  by 
platting  the  daily  discharges  as  ordinates  and  the  days  of  the 
month  as  abscissas.     Such  a  hydrograph  is  shown  in  Fig.  150. 

On  account  of  the  reduced  cross-section  and  the  increased 
siu*face  friction  in  rivers  .under  ice  condition,  the  discharge  at  such 
times  is  not  the  same  function  of  the  gauge  height  as  in  open 
conditions.  In  fact,  the  discharge  at  any  particular  gauge  height 
varies  as  the  thickness  of  the  ice  changes.  For  this  reason  it  is 
.very  difficult  to  secure  accurate  rating  tables  of  northern  rivers 
during  the  winter.  Fig.  151  shows  clearly  how  great  a  change 
in  rating  curve  is  sometimes  caused  by  ice  cover. 


Weir  Method  of  Measuring  Stream  Flow 

285.  General  Statement.  For  measuring  the  flow  of  a  small 
stream,  a  weir  furnishes  the  most  accurate  method.  Such  weirs 
are  usually  rectangular  and  are  made  sharp-crested,  that  is  of  a 
form  which  allows  the  water  to  touch  the  inside  edge  only.  The 
back  of  the  weir  should  be  a  vertical  plane  surface.  If  the  ends 
of  the  weir  are  placed  at  some  distance  from  the  sides  of  the 
channel,  see  Fig.  152,  the  stream  of  water  will  be  contracted 
laterally.  For  complete  contraction  this  distance  should  be  at 
least  three  times  the  height  of  the  weir.  If  the  ends  are  flush 
with  the  sides  of  the  channel,  see  Fig.  153,  there  will  be  no  end 
contractions.  The  only  variables  concerned  in  either  form  of 
wfeir  are  the  head  on  the  wei?"  and  the  velocity  of  approach,  both 
of  which  can  be  accurately  and  easily  measured.  The  disad- 
vantages of  the  weir  method  are: 

(i)  The  cost  of  constructing  the  wen*,  or  the  difficulty  of 
finding  one  in  use  whose  shape  closely  resembles  one  whose 
coefficient  is  known,  and 

(2)  The  limited  range  of  values  of  the  coefficient  of  a  weir 
of  any  shape. 

Weirs  are  either  sharp  crested  or  wide  crested. 
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286.  Sharp-Crested  Weirs.'  A  sharp-crested  weir  is  one 
which  is  entirely  cleared  by  the  water  in  passing  over  it,  as  in 
Fig.  154.    A  wide-crested  weir  shown  in  Fig.  155. 


Fic.  153.— WUhoui  Corn 


Flo.  153.— With  Conirani 


'  The  folluwing  (lis(U 
from  Tumeaure  and  ^us 


:irs.  An.  j86  lo  Art,  388,  is  lakcn  by  permia; 
"Public  Water  Supply."  ' 
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The  formula  for  discharge  from  a  rectangular  weir  is 

where  /  =  length  of  weir  and  iif^  height  of  water  on  the  weir. 
If  the  channel  is  small,  the  velocity  of  approach  will  have  an 
appreciable  effect  upon  the  discharge.     If  /7  =  head  due  to  this 

velocity  =  — ,  then  this  factor  is  commonly  taken  account  of  by 

the  use  of  the  equation 

in  which  n  is  a  coefficient  varying  from  i  to  1.5.  The  velocity 
of  approach  can  be  estimated  with  sufficient  accuracy  by  first 
determining  the  value  of  Q  with  the  term  nh  omitted,  then  using 
this  value  of  Q  to  determine  l\  and  then  a  more  accurate  value 
of  Qy  etc.  From  a  careful  analysis  of  the  experiments  of  Francis, 
Fteley  and  Steams,  and  others,  Hamilton  Smith  has  adopted 
values  for  n  of  1.4  for  weirs  with  end  contractions  (see  Fig. 
152),  and  ij  for  weirs  with  contractions  suppressed  (see  Fig. 
153).  From  his  study  of  the  experiments  referred  to  he  has 
also  derived  the  values  for  the  coefficient  c  as  given  in  the  two 
tables  on  the  following  page. 

Mr.  James  B.  Francis  from  his  elaborate  series  of  experiments 
at  Lowell  *  on  a  weir  10  feet  long,  and  operating  under  heads  of 
0.4  lo  t.6  feet  derived  the  formula  for  weirs  without  end  contrac- 
tions, 

and  with  contractions, 

Q  =  3.33{l-o.2lI)Hi. 


'  **  LoAwell  Hydraulic  Kxperiments,"  New  Yoj-k,  187 1. 
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Table  I 

TABLE   OF   COEFFICIENTS    FOR   CONTRACTED   WEIRS--(SinTH) 


Effective 

Head  in 

Feet. 


c.  I 
0.15 
0.2 
0.2 

0.3 

0.4 

0.6 
0.7 
0.8 
0.9 

I.O 
1.2 

1.4 

1.6 


Length  op  Wbir  in  Febt. 


3 

5 

10 

0.652 

0-653 

0-655 

.638 

.640 

.641 

.630 

.631 

■633 

.624 

.626 

.628 

.619 

.621 

.624 

.613 

-615 

.618 

.608 

.611 

.615 

.605 

.608 

-613 

.603 

.606 

.612 

.600 

.604 

.611 

.598 

.603 

.609 

.595 

.601 

.608 

-501 

-507 

.605 

.587 

.504 

.602 

.582 

.591 

.600 

19 


0.656 

.642 

-634 

.629 

.625 

.620 
.617 

.615 

-614 

•613 

.612 

.611 

.610 
.609 
.607 


Table  II 

TABLE  OF  COEFFICIENTS  FOR  SI  PPRP^SSEI)  WEIRS— (Smith) 


Effective 
0^  J  • 

Length 

OP  Weir  in  Feet. 

Head  in 
Feet. 

19       1 

10 

5 

4 

3 

2 

0.1 

0.657 

0.658 

0.658 

0.659 

0-15 

.643 

.644 

.645 

-645 

0.647 

0.649 

0.652 

0.2 

-635 

.637 

.637 

.638 

.641 

.642 

.645 

0.25 

.630 

.632 

.633 

.634 

.636 

.638 

.641 

0-3 

.626 

.628 

.629 

.631 

.633 

.636 

-639 

0.4 

.621 

.623 

.625 

.628 

.630 

.633 

.636 

0.5 

.619 

.621 

.624 

.627 

.630 

.633 

.637 

0.6 

.618 

.620 

.623 

,627 

.630 

.634 

.638 

0.7 

.618 

.620 

.624 

.628 

.631 

-635 

.640 

0.8 

.618 

.621 

.625 

.629 

A^^ 

.637 

.643 

0.9 

.619 

.622 

.627 

.631 

.635 

-639 

-645 

1.0 

.619 

.624 

.628 

.633 

.637 

.641 

.648 

1.2 

.620 

.626 

.632 

.636 

.641 

.646 

1.4 

.622 

.629 

.634 

.640 

.644 

1.6 

.623 

1 

.631 

•637 

.642 

.647 
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If  there  be  but  one  contraction,  0,1  H  is  to  be  used  instead  of 
0.2H,  To  take  account  of  the  velocity  of  approach,  the  formulas 
become, 

and  Q  =  3.33  {l-o.2H)[(H-\-h)i -hi], 

V 

in  which  A  =  — .     In  these  formulas  the  unit  of  length  is  the  foot. 

The  most  elaborate  series  of  experiments  on  weirs  ever  made 
is  that  which  has  been  carried  out  by  Bazin,  and  which  is  reported 
in  the  Annals  des  Fonts  et  Chaussefe  for  the  years  1888-98.  The 
formula  deduced  by  him  for  sharp-crested  weirs  with  no  end 
contractions  is  in  foot  units, 

in  which  ^= height  of  weir  above  the  bottom  of  the  channel, 
and  h  is  the  actually  observed  head  on  the  weir.  The  velocity 
of  approach  is  taken  account  of  in  the  formula.  This  formula 
gives  slightly  larger  values  for  the  discharge  than  the  Francis 
formula.^ 

287.  Submerged  Weirs.  A  submerged  weir  is  one  at  which 
the  level  of  the  water  below  the  weir  is  above  its  crest,  there  being, 
however,  a  certain  definite  fall  in  passing  the  weir,  as  shown  in 
Fig.  156.  As  the  result  of  an  analysis  of  the  experiments  of 
Francis  and  of  Fteley  and  Steams,  Mr.  Herschel  2  adopts  the 
following  formula  for  discharge,  for  submerged,  sharp-crested 
weirs  without  end  contractions: 

*  See  a  valuable  paper  by  G.  W.  Rafter,  including  exhaustive  discussion,  in 
Trans.  Am.  Soc.  C.E.,  Dec,  1900. 

'  Trans.  Am.  Soc.  C.E.,  1885,  Vol.  XIV,  p.  194. 
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where    /= length  of  weir; 

fl'= height  on  the  weir  on  the  upstream  side; 
n=a  coefficient,  depending  on  the  ratio  of  the  head  on 
the  downstream  side  iif '  to  the  head  H. 
The  values  of  n  are  given  in  Table  III. 

Table  III 

VAI.UES   OF   n   FOR   SUBMERGED   WEIRS— (Herschel) 


H' 

w 

H' 

H' 

H 

M 

H 

n 

H 

M 

H 

n 

.00 

I. 000 

.20 

.985 

-45 

.912  ; 

.70 

.787 

.02 

1.006 

.25 

.973 

.50 

.892 

-75 

-750 

-OS 

1.007 

•30 

.959 

•55 

.871 

.80 

•703 

.10 

1.005 

-35 

-944 

.60 

.846 

.90 

.574 

-15 

0.996 

.40 

.929 

.65 

.819 

1. 00 

.000 

-Fig.  156. — Submerged  Weir. 

288.  Weirs  of  Varjring  Section.  In  many  cases  it  is  desirable 
to  determine  the  flow  of  a  stream  by  measurements  taken  of  the 
height  of  water  flowing  over  some  dam  or  weir;  and,  on  the 
other  hand,  in  the  design  of  waste- weirs  some  method  of  estimating 
their  capacity  is  essential.  The  law  of  flow  over  such  weirs  is 
very  complicated,  and  the  only  accurate  way  of  determining 
the  constants  for  any  particular  case  is  by  means  of  experiments 
on  a  section  of  the  same  form  as  the  one  in  question.  If  this  is 
impossible,  the  best  substitute  for  it  is  to  use  constants  which 
have  been  determined  for  a  weir  agreeing  as  closely  in  form  as 
may  be  to  the  one  imder  consideration. 
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Here  again  Bazin's  work  is  of  the  greatest  value.    He   em- 
ployed in  his  experiments  weirs  of  a  great  variety  of  form.     The 
heights  used  were  one  metre  and  one  and  one-half  metres;    and 
the  heads  employed  reached  a  maximum  of  about  one-half  metre. 
The  end  contractions  were  suppressed  in  all  cases,  and  below 
the  weir  the  sides  of  the  channel  were  continued  so  that  in  general 
there  was  not  perfectly  free  access  of  air  beneath  the  sheet  of 
water.     In  the  following  Table  IV  are  given  values  of  the  coeflS- 
cient  C  in  the  formula  Q^Clh^,  for  several  forms  of  weirs,  as 
deduced  from  Bazin's  experiments.    The  head  A  is  in  all  cases 
the  actually  observed  head  on  the  weir.    The  coefficients  as  given 
were  obtained  from  curves  plotted  from  Bazin*s  results.^ 

More  recently  Mr.  G.  W.  Rafter  and  Professor  G.  S.  Williams 
have  made  for  the  United  States  Board  of  Engineers  on  Deep 
Waterways  an  important  series  of  experiments  at  the  Cornell 
University  Hydraulic  Laboratory.^  In  these  experiments  the 
height  of  water  on  the  weir  was  carried  to  a  value  of  about  5 
feet,  the  weir  being  6.58  feet  long  and  from  4.6  to  4.9  feet  above 
the  bottom  of  the  channel.  Free  access  for  the  air  beneath  the 
sheet  of  water  was  provided.  In  Table  V  are  given  coefficients 
for  several  of  the  forms  experimented  on,  for  use  in  the  formula 
Q  =  Clhiy  where  h  is  again  the  actually  obser\'ed  head  on  the 
weir.  These  values  were  deduced  from  the  data  and  discharge 
curves  given  in  Professor  Williams*  discussion  of  Mr.  Rafter's 
paper  above  referred  to. 

It  is  important  to  note  that,  on  account  of  the  difference  in 
conditions  with  respect  to  the  entrance  of  air  below  the  sheet 
of  water  in  the  two  series  of  experiments  above  described,  it 
appears  that  in  those  forms  having  a  steep  downstream  face  the 
coefficients  from  Bazin's  experiments  are  much  the  higher.  For 
slopes  greater  than  one-to-one  the  differences  are  small.     Note 


*  5>ee  Rafter's  paper  in  Transactions  Am.  Soc.  C.E.,  Dec,  1900,  for  a  com- 
pilation of  Bazin's  coefficients. 

*  Trans.  Am.  Soc.  C.E.,  Dec,  1900,  pp.  266,  316. 
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Table  IV 

VALUE  OF  THE  COEFFICIENT  C  IN  THE  FORMULA  Q  =  Cl\  FROM 


BAZIN'S   EXPERIMENTS 


I 


8 


9 


10 


11 


12 


18 


14 


SECTION  OF  WEIR 


'^v,  'r/A  -J*-. 


-J*--- 


!>•  - 


s 


Height  of  Weir  in  Feet. 


0.4 


4.06 


8.40 


8.18 


8.26 


8.41 


8.20 


8.47 


8.20 


8.14 


2.68 


8.74 


8.36 


8.44 


8.18 


0.6 


4.20 


8.70 


8.87 


8.70 


8.74 


8.68 


8.72 


8.88 


8.44 


2.90 


8.81 


3.87 


8.64 


8.84 


0.8 


4.20 


8.88 


8.54 


4.06 


4.00 


402 


8.87 


8.56 


8.67 


8.18 


8.88 


3.92 


8.80 


8.49 


1.0 


4.18 


8.98 


8.68 


4.81 


4.20 


4.26 


4.01 


8.74 


8.88 


8.85 


8.98 


4.02 


8.94 


a65 


1.2 


4.15 


4.06 


8.80 


4.00 


4.18 


4.42 


4.18 


8.85 


8.88 


8.52 


8.98 


4.08 


4.04 


8.79 


1.4 


4.12 


4.10 


8.88 


8.80 


4.24 


4.20 


4.28 


8.95 


8.86 


8.64 


4.02 


4.15 


8.90 
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Table  IV — Continued 


I 

2; 


SECTION  OF  WEIR 


Height  of  Weir  in  Feet. 


0.4 


0.6 


0.8 


1.0 


1.2 


1.4 


15 


16 


17 


18 


19 


20 


21 


22 


23 


25 


26 


2.77 


8.08 


8.24 


8.04 


8.06 


2.S8 


8.56 


8.12 


2.80 


2.86 


8.40 


2.88 


8.88 


8.40 


8.12 


8.10 


8.00 


8.54 


8.28 


2.85 


2.88 


8.76 


2.92 


8.49 


8.60 


8.19 


8.14 


8.15 


8.57 


8.84 


2.90 


2.98 


4.06 


8.06 


8.54 


8.76 


8.26 


8.18 


8.27 


8.62 


8.47 


2.97 


2.96 


4.86 


8.16 
8.60 

8.86 

8.86 

o 

8.20 

8.88 

8.66 

8.56 

8.05 

2.96 

4.56 


8.09 


8.64 


8.97 


8.48 


8.28 


8.47 


8.70 


8.64 


8.14 


8.00 


4.56 


also  that  weirs  with  wide  crests  give  lower  coefficients  than  those 
with  narrow  crests;  also  that  low  weirs  give  higher  coefficients 
than  high  weirs. 

289.  Depth  of  Water  on  the  Weir.    This  is  the  principal 
function  of  the  discharge;  it  is  the  difference  of  elevation  between 
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Table  V 

VALUES  OF  THE  COEEFICIENT  C  IN  THE  FORMULA  Q  =  C//J. 
^FROM  THE  CORNELL  UNIVERSITY   EXPERIMENTS.) 


■ 

Z 


SECTION  OF  WEIR 


HEAD  ON  WEIR  IN  FEET' 


1.5 


2.0 


2.5 


3.0 


3.5 


4.0 


4.6 


6.0 


CotCA 


3 


8 


10 


11 


12 


18 


14 


'^ilta 


ilia     ■    -yy^. 

^      *'  ^ ^ 


f -- 


j|_  _  -  -^   0.  40^ i  _ 

^yyy^yM^yyy/zyy:^/.  y//.A 


.1 


-•-»•  *►. 


..1 


3.51 


8.51 


3.81 


2.93 


3.2U 


8.51 


3.59 


3.81 


3.37 


8.37 


3.37 


3.76 


acH 


3.61 


2.85 


3.13 


2.85 


3.23 


3.52 


3.62 


3.61 


3.20 


3.38 


3.38 


3.68 


3.n 


a68 


2.89 


3.20 


2.45 


2.82 


s.ai 


8.47 


3.54 


3.57 


3.50 


8.31 


asi 


3.68 


3.81 


3.65 


3.08 


3.31 


2.49 


2.90 


3.42 


3.55 


3.52 


3.63 


3.60 


a29 


a29 


3.70 


3.90 


3,72 


3.16 


8.45 


2.51 


2.90 


3.45 


8.62 


3.5: 


3.62 


3.70 


3.28 


8.25 


8.75 


4.00 


8.80 


8.80 


8.68 


2.56 


2.92 


8.^7 


3.68 


3.55 


3.6; 


3.W 


3.16 


3.20 


3.83 


4.06 


8.98 


8.50 


8.78 


2.59 


2.95 


3.52 


8.T2 


3.69 


3.71 


3.96 


3.14 


3.21 


3.n 


3.92 


2.67 


8.80 
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the  top  of  the  weir  and  the  surface  of  the  water  at  a  distance 
above  the  weir  equal  to  about  zj  times  the  height  of  the  weir 
above  the  bottom  of  the  channel.  Evidently  this  is  a  quantity 
which  cannot  be  directly  measured.  The  best  way  of  measuring 
this  quantity  is  as  follows:  At  a  convenient  point 
arrange  a  closed  vertical  box  which  connects  by  a 
free  opening  with  the  channel  at  about  mid-depth 
at  a  point  some  6  feet  above  the  weir.  The  watfer 
will  then  stand  in  this  box  at  its  normal  elevation, 
unaffected  by  the  slope  towards  the  weir.  The 
elevation  of  this  water  surface  is  determined  by 
means  of  a  koak  gauge.  Fig.  157,  which  consists  of 
a  metallic  point  turned  upwards  and  made  adjust- 
able in  height  by  means  of  a  thumbscrew.  When 
the  point  of  the  hook  comes  to  the  surface  of  the 
water  it  causes  a  distorted  reflection.  The  eleva- 
tion of  the  water  surface  can  be  found  in  this  way 
with  extreme  accuracy.  The  difference  of  elevation 
between  the  point  of  the  hook  and  the  crest  of  the 
weir  can  then  be  determined  with  a  level  and  rod. 
This  difference  is  H  in  the  preceding  formulas. 

290.  The  Use  of  Dams  as  Weirs.  Dams  which 
answer  the  following  requirements '  afford  an  accu- 
rate and  most  practicable  method  of  stream  measure- 
ment. 

First.     The  dam  or  weir  must    have  sufHcicnt 

■  height  so  that    back  water  will    not  interfere  with 

FiG.  157.       ^^  ^^^^    ^"^^  °^'^''    ^^^    same;    otherwise  the  dam 

will    be    available    for    purposes   of    measurement 

only  during  stages  when  no  such  interference  exists. 

Second.  The  dam  or  weir  body  must  be  so  constructed  that 
no  leak  of  appreciable  size  will  occur  during  the  time  when  it 
is  utilized  for  measuring  purposes. 

■  Krniii  Trof.  I),  W.  M,-j<l"s  '■  Walcr  I'.-.n-cr  Knginecring.V 
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Third,  The  abutments  of  the  dam  or  sides  of  the  weir  must 
be  so  constructed  as  to  confine  the  flow  over  the  dam  at  all  stages; 
otherwise  the  weir  will  be  useless  for  measurements  during  flood 
conditions. 

Fourth,  The  crest  of  the  weir  must  be  level  and  must  be 
kept  free  from  obstructions  caused  by  floating  logs  or  ice. 

Fifth,  The  crest  of  the  dam  or  weir  must  be  of  a  type  for 
which  coeflScients  for  use  in  the  ordinary  weir  formula  have 
been  determined.     (See  Art.  288.) 

Sixth,  If  the  dam  has  an  adjustable  crest,  great  care  must 
}>e  used  to  prevent  leakage  along  such  crest  and  to  keep  a  com- 
plete and  detailed  record  of  the  condition  of  the  crest  during  the 
time  of  the  observations. 

Seventh.  If  water  is  diverted  around  the  dam,  which  is 
usually  the  case  when  a  dam  is  built  for  power  purposes  or  for 
navigation  the  diverted  water  must  be  measured  or  estimated 
and  added  to  the  amount  passing  over  the  dam.  Such  diverted 
water  can  sometimes  be  measured  by  a  weir  or  current 
meter. 

When  such  water  is  used  in  water  wheels,  an  accurate  record 
of  the  gate  opening  of  the  wheels  can  be  kept,  from  which  the 
amount  of  water  used  in  the  wheels  can  be  estimated  if  the  wheel's 
discharge  has  been  calibrated  or  if  the  wheel  is  of  some  well- 
known  type.^  The  conditions  for  the  accurate  determination  of 
weir  discharge  should  be  such  as  not  to  involve  the  use  of  low 
heads  of  less  than  6  inches  over  broad  crested  dams. 

Measurements  by  means  of  a  weir  or  dam  have  the  general 
advantage  of  continuity  of  record  durifl^  the  periods  of  ice  and 
flood  and  the  disadvantage  of  uncertainty  of  the  coefficient  to  be 
used  in  the  weir  formula,  of  complication  by  the  diversion  of 
water  around  the  dam,  and  the  interference  of  flow  by  the  occa- 
sional lodgement  of  material,  or  of  injury  to  the  crest. 


'  See  Water  Supply  and    Irrigation   Paper  No.    180,    Turbine   Water  Wheel 
Tests  and  Power  Tables,  by  R.  E.  Horton, 
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291.  The  Bliner's  Inch.  This  is  an  arbitrary  standard 
both  as  to  method  and  as  to  volume  of  water  discharged.  It 
rests  on  the  false  assumption  that  the  volume  discharged  is  pro- 
portional to  the  area  of  the  orifice  under  a  constant  head  above 
the  top  of  the  orifice.  Its  use  grew  out  of  the  necessities  of 
frontier  life  in  the  mining  regions  of  the  West,  and  should  now 
be  discarded  in  favor  of  absolute  units.  The  miner's  inch  is 
the  quantity  of  water  that  will  flow  through  an  orifice  i  inch 
square,  under  a  head  of  from  4  to  12  inches,  according  to 
geographical  locality.  Even  if  the  head  above  the  top  of  the 
orifice  be  fixed,  and  a  flow  of  144  miner's  inches  be  required, 
the  volume  obtained  would  be  ^,^y  4.2,  or  4.7  cubic  feet  per 
second,  according  as  there  were  144  holes  each  i  inch  square, 
one  opening  i  inch  deep  and  144  inches  long,  or  one  opening 
12  inches  square,  the  tops  of  all  the  openings  being  5  inches 
below  the  surface  of  the  water.  This  simply  illustrates  the  unre- 
liable nature  of  such  a  unit.  In  some  localities  the  following 
standard  has  been  adopted:  An  aperture  12  inches  high  by 
12  J  inches  wide  through  one  one-  and  one-half-inch  plank,  with 
top  of  opening  6  inches  below  the  water  surface,  is  said  to  dis- 
charge 200  miner's  inches.  By  this  standard  the  miner's  inch  is 
1.5  cubic  feet  per  minute,  or  2160  cubic  feet  in  twenty-four 
hours.  Other  standards  vary  from  1.39  to  1.78  cubic  feet  per 
minute.  When  the  miner's  inch  can  only  be  defined  as  a  cer- 
tain number  of  cubic  feet  per  minute,  it  is  e\ddently  no  longer 
of  service  and  should  be  abandoned.  The  method  by  weirs  is 
more  accurate,  and  could  almost  always  be  substituted  for  the 
method  by  orifices. 
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CHAPTER  XI 1 

mining  surveying 
Introductory 

The  subject  of  mining  surveying  as  treated  in  this  chapter 
will  include  the  surveys  necessary  in  obtaining  title  to  the  mineral 
lands  of  the  United  States,  the  surveys  for  the  location  of  the 
surface  improvements  and  boundary  lines,  as  well  as  the  under- 
ground surveying  necessary  in  making  connections,  laying  out 
work,  determining  the  relation  of  the  undergroimd  workings 
to  the  surface  lines,  points,  etc.,  and  measuring  the  ore  removed 
or  still  in  the  mine.    For  definitions  of  mining  terms,  see  p.  441. 

Surveying  Mining  Claims 

292.  Title  to  Mining  Claims.  The  public  lands  of  the 
United  States  have  been  divided  into  mineral  and  agricultiu^l 
lands,  the  former  being  subject  to  appropriation  under  the 
statutes  as  lode  claims,  placer  claims,  mill  sites,  and  tunnel 
sites.  The  title  becomes  initiate  by  discovery;  this  is  followed 
by  location  and  record  which  completes  the  possessory  title. 
This  title  can  be  afterward,  except  in  the  case  of  tunnel  sites, 
perfected  by  patent  proceedings  so  that  a  fee  simple  deed  to 
the  claim  is  obtained  from  the  government. 

• 

'  This  chapter  has  been  rewritten  for  the  fifteenth  edition  (1900)  by  Professor 
Robert  S.  Stockton,  E.M.,  of  the  Colorado  State  School  of  Mines,  and  by  Mr. 
EdNN'ard  P.  Arthur,  Jr.,  E.M.,  U.  S,  Deputy  Mineral  Surveyor,  of  Cripple  Creek, 
Colo. 
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293.  Fundamental  Conditions  Governing  the  Location  of 
Mining  Claims.    In  the  case  of  a  lode  claim  there  are  five  essen- 
tials to  a  valid  location:  (i)  discovery  of  lode  or  vein;   (2)  posting 
of  location  notice;    (3)  sinking  of  discovery  shaft;    (4)  marking 
the  boundaries  of  claim;    (5)  the  making  and  filing  of  the  loca- 
tion certificate.     Lode  claims  are  limited  by  the  U.  S.  statutes 
(R.  S.  2320)  to  1500  feet  along  the  vein  or  lode  and  to  600  feet 
in  width,  i.e.,  300  feet  on  each  side  of  vein.    The  end  lines  must 
be  parallel,  and  the  side  lines  usually  are.    The  different  States, 
and  originally  the  different  districts,  had  the  right  to  limit  the 
width,  at  the  same  time  keeping  within  the  congressional  limits. 
In  Colorado  the  width  has  been  reduced  to  300  feet,  except  in 
the  counties  of  Gilpin,  Summit,  Clear  Creek,  and  Boulder,  where 
it  is  only  150  feet.    North  Dakota  and  South  Dakota  fix  the 
width  at  300  feet,  allowing  the  counties  to  reduce  this  within 
the  congressional  limits.     All  the  other  States  have  adopted  the 
width  of  600  feet  except  where  limited  by  the  old  district  rules. 

In  locating  a  placer  claim,  the  discovery  of  auriferous  gravel 
or  any  of  the  substances  designated  by  law  as  subject  to  placer 
location  is  followed  by  the  posting  of  a  location  notice,  marking 
the  boundaries,  and  making  and  filing  the  location  certificate. 
One  person  or  corporation  may  appropriate  20  acres,  or  an 
association  of  at  least  8  persons  may  secure  160  acres,  of  placer 
ground.  The  ground  appropriated  may  conform  to  the  govern- 
ment land  subdivisions  if  on  surveyed  lands,  or  it  may  be  in  any 
shape  bounded  by  straight  lines. 

A  mill  site  may  be  located  on  non-mineral  land  by  posting 
a  location  notice,  marking  the  boundaries,  and  filing  a  location 
certificate.  The  area  of  a  mill  site  is  limited  by  the  U.  S.  statutes 
to  5  acres,  and  may  be  further  limited  by  district  rule.  It  may  be 
taken  in  any  desired  form  bounded  by  straight  lines.  A  very 
convenient  size  is  726  feet  by  300  feel. 

A  tunnel-site  location  appropriates  the  right  of  way  for  a 
tunnel  3000  feet  long,  and  may  in  addition  appropriate  ground 
for  a  dump  up  to  an  area  250  feet  square.    The  location  is 
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accomplished  by  posting  a  notice,  marking  the  line  of  tunnel 
and  the  comers  of  the  dump  area  by  stakes  properly  inscribed, 
and  filing  the  location  certificate,  which  must  in  this  case  be 
acknowledged  before  a  notary  public.  The  tunnel  site  differs 
from  the  other  locations  mentioned  in  that  it  is  not  subject  to 
patent.  The  veins  cut  by  the  tunnel  are  located  as  lode  claims 
and  may  be  patented  as  such,  the  title  dating  back  to  the  loca- 
tion of  the  timnel  site.  Under  recent  decisions  the  timnel  site 
practically  withdraws  from  the  public  domain  all  the  lodes  within 
an  area  of  3000  feet  square  that  were  not  located  prior  to  the 
tunnel  site. 

The  possessory  title  to  a  tunnel  site  involves  what  the  law 
cajls  continuous  working.  This  has  been  held  to  mean  no 
cessation  of  work  for  more  than  six  months. 

294.  Location  Surveys.  A  surveyor  is  generally  called  upon 
to  lay  out  the  claim,  mark  the  boundaries,  and  fill  in  the  loca- 
tion certificate  ready  for  the  owner  to  file  with  the  county  or 
district  recorder.  The  law,  however,  allows  the  location  survey 
to  be  made  by  the  miner  himself  without  an  instrument,  i.e., 
the  boundaries  may  be  laid  down  very  roughly,  if  with  honest 
intent,  and  hold  in  law,  but  locators  have  found  it  profitable 
to  have  the  claims  surveyed  to  avoid  the  losses  resulting  from 
gross  blunders  so  often  made  when  unskilled  persons  have 
attempted  to  lay  out  the  claim.  The  survey  should  be  made  with 
sufl&cient  care  so  that  when  the  ground  is  surveyed  for  patent 
the  comers  will  be  identical  with,  or  come  within,  the  location 
comers,  and  also  fulfil  other  necessary  conditions,  as  will  be  shown 
under  the  discussion  of  patent  work. 

This  class  of  surveying  will  be  discussed  under  four  heads, 
\Tz.:   lode  claims,  placer  claims,  mill  sites,  and  tunnel  sites. 

295.  Shape  of  Lode  Claims.  The  simplest  form  of  a  lode 
claim  resulting  from  the  conditions  laid  down  in  Art.  293  is  a 
rectangle  300X1500  feet.  The  two  things  which  should  govern 
the  exact  direction  of  the  lines  are  the  direction  of  the  vein  and 
the  position  of  the  discovery.    The  usual  method  is  to  set  up 
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the. instrument  at  or  near  the  point  of  discovery.  The  direction 
of  the  vein  is  determined  by  the  outcrop  or  any  other  available 
data,  but  the  vein  line  is  often  run  so  as  to  take  in  any  vacant 
ground.  The  line  is  then  run  out,  its  bearing  being  taken  from 
the  true  or  magnetic  meridian.  The  distances  are  measured 
with  a  steel  tape  either  horizontally  or  by  taking  the  slope  distance 
and  slope  angle  and  reducing  to  the  horizontal,  this  work  being 
done  with  about  the  same  accuracy  as  is  used  in  ordinary  land 
surveying.  The  lode  or  vein  line  is  run  both  ways  from  the 
discovery,  the  only  condition  being  that  the  total  distance  is  not 
more  than  1500  feet.  From  the  ends  of  the  lode  line,  in  this 
case  the  centre  line,  and  at  right  angles  to  it,  and  distant  \$o 
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feet,  are  set  the  comer  stakes.  From  the  centre  of  the  claim 
the  side  centre  stakes  are  also  set.  In  Fig.  158  is  shown  a  dia- 
gram of  the  claim  and  also  the  markings  on  the  comer  stakes. 
The  dotted  lines  show  those  actually  run  on  the  ground.  The 
corner  stakes  should  be  3  or  4  inches  square,  and  3 1  feet  long, 
set  in  the  ground  or  in  a  mound  of  stone.  They  should  also  be 
blazed  and  marked  on  a  side  toward  the  claim  ^vith  the  number 
of  the  comer  and  the  name  of  the  claim. 

One  or  more  of  the  corners  should  be  tied  in  by  bearing  and 
distance  to  some  permanent  objects,  as  a  government  sur\'ey 
comer,  or  the  comers  of  an  official  survey  of  some  other  mining 
claim,  or,  failing  these,  to  bearing  trees  and  rocks.  A  practice 
is  in  vogue  of  connecting  claims  to  mountain  peaks  by  bearing 
only,  but  it  is  not  to  be  recommended  except  as  a  last  resort. 
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It  may  be  very  often  advisable  to  mention  in  the  description  of 
the  claim  the  name  of  the  mountain  on  which  it  lies,  or  the  names 
of  adjacent  roads,  streams,  etc.,  as  a  help  to  identification. 

Another  simple  form  of  a  lode  claim  is  where  the  end  lines 
are  not  perpendicular  to  the  lode  lines  and  side  lines,  the  resulting 
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figure  being  a  parallelogram  as  shown  in  Fig.  159.     This  con- 
dition generally  results  from  the  claim  abutting  on  a  fixed  line. 

The  surveying  is  just  the  same  as  in  the  first  case  except 
that  the  distance  measured  from  the  lode  to  the  side  lines  along 
the  end  lines,  or  a  line  parallel  to  them  at  the  middle  point,  is 
greater  than  150  feet,  and  is  found  by  dividing  150  by  sin  a, 
where  a  is  the  angle  between  the  end  line  and  lode  line  as  shown 
in  the  figure. 
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If  the  vein  bends,  the  lode  line  is  made  to  follow  it,  thus 
forming  a  crooked  claim.  Two  forms  are  shown  in  Figs.  160 
and  161. 

In  Fig.  160  let  /?  represent  the  angle  between  the  two  direc- 
tions of  the  lode  line,  then  the  line  from  Cor.  No.  3  to  Cor.  No. 
6  will  bisect  this  angle  if  the  side  lines  are  parallel  and  at  equal 
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distances  in  both  parts  of  the  claim.  The  distance  from  the 
discovery  to  Cors.  Nos.  3  and  6  will  be  150  divided  by  sin  i/?. 
If  the  end  lines  are  not  fixed  as  to  direction  by  some  outside 
condition  they  may  be  made  parallel  to  line  3-6,  and  will  by 
the  geometric  conditions  laid  down  be  exactly  equal  to  it.  The 
lode  line  is  run  and  comers  set  as  before  except  that  the  side 
centres  may  be  omitted  if  the  bend  is  near  the  centre  of  the  claim. 
In  Fig.  161  let  /?  represent  the  angle  between  the  two  parts 
of  the  lode  line,  then  the  line  from  Cor.  No.  3  to  Cor.  No.  6  will 
bisect  the  angle  /?  as  in  Fig.  148.  Now  if  one  end  line,  as  line 
4-5,  is  to  be  perpendicular  to  the  lode  line,  it  will  be  300  feet  long 
and  not  parallel  to  the  line  between  3  and  6,  while  line  1-2  is 
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parallel  to  4-5,  but  has  a  length  of  300  divided  by  cos  a.  The 
changes  in  the  surveying  will  be  made  sufficiently  clear  by  a 
glance  at  the  figure. 

The  location  certificate  is  generally  made  out  by  the  surveyor, 
printed  forms  being  used  with  blanks  for  the  name  of  the  lode, 
the  name  of  the  locator,  the  date  of  the  location,  the  number 
of  feet  claimed  on  each  side  of  the  discovery,  and  a  general 
description  giving  the  length  and  the  bearing  of  the  boundary 
lines  and  of  the  tie  lines. 

The  location  survey  for  a  placer  claim  or  a  mill  site  does  not 
differ  fr  m  an  ordinary  land  survey  to  establish  boundaries. 
The  comers  are  like  those  of  lode  claims  and  are  marked  with 
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the  name  of  the  placer  or  mill  site  and  the  number  of  the  corner 
on  the  side  toward  the  claim.  The  tie  lin^  are  also  the  same 
as  in  the  lode  claims.  The  location  also  covers  about  the  same 
points  and  is  made  out  in  a  manner  very  similar  to  the  lode 
certificates. 

As  a  tunnel  site  is  not  subject  to  patent,  but  is  heJd  by  pos- 
sessory title  only,  the  survey  is  properly  a  little  more  accurate 
than  the  location  surveys.  The  true  meridian  should  be  deter- 
mined as  in  patent  work.  The  survey  consists  in  running  out 
the  line  of  the  tunnel,  placing  stakes  close  enough  together  so 
that  one  can  be  seen  from  the  other  and  not  further  than  300 
or  400  feet  apart  as  a  maximum  distance.  The  manner  of 
setting  stakes  varies  with  the  different  surveyors,  but  the  above 
method  seems  to  be  the  best  practice.  These  stakes  are  marked 
by  the  number  and  the  name  of  the  tunnel  site.  The  dump 
area  is  also  marked  by  a  stake  at  each  comer.  The  location 
certificate  is  rather  an  uncertain  document,  several  forms  being 
used.    A  very  good  form  is  given  in  Morrison's  **  Mining  Rights.'* 

296.  Patent  Surveying.  In  order  to  complete  the  title  to 
any  mining  claim  by  obtaining  a  U.  S.  patent,  it  is  necessary 
to  have  the  boundaries  carefully  surveyed  and  substantial  monu- 
ments set.  The  monuments  are  connected  with  some  permanent 
object  in  order  to  fix  the  position-  of  the  claim.  This  work  is 
known  as  patent  surveying^  and  can  only  be  imdertaken  by  a 
U.  S.  Deputy  Mineral  Surveyor  holding  a  commission  from 
the  government.  This  commission  may  be  obtained  by  passing 
an  examination  under  the  Surveyor-General  of  the  State  in  which 
it  is  desired  to  practise,  and  by  filing  a  bond  for  $10,000.  For 
full  instructions  for  making  patent  surveys,  see  Appendix  B. 

Patent  work  follows  the  same  general  plan  as  location  sur- 
veying in  the  running  of  the  boundaries  and  setting  the  comers, 
but  is  done  with  much  more  accuracy.  In  patent  work  all  con- 
flicting prior  official  surveys  are  connected  with  the  claim  under 
survey,  and  improvements  of  all  kinds  are  located.  The  fol- 
lowing list  of  apparatus,  while  not  absolutely  necessary  for  this 
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work,  has  been  found  by  those  familiar  with  the  best  practice 
to  be  most  convenient.  It  consists  of:  (i)  A  light  mountain 
transit,  mounted  on  an  adjustable  tripod,  and  an  adjustable 
plumb-bob.  The  plates  and  vertical  arc  or  circle  of  the  transit 
are  4i  t^  5^  inches  in  diameter  and  read  to  minutes.  (2)  A  steel 
tape,  preferably  500  feet  long,  usually  graduated  every  5  or  10 
feet.  (3)  A  short  ribobn  tape  graduated  to  hundredths  of  a 
foot,  together  with  a  note  book,  field  book  of  tables,  axe,  nails, 
chisel,  and  timber  scribe.  Some  surveyors  carry  a  rod  and  also 
some  red  cloth  for  making  stations.  A  good  pick  and  shovel 
are  necessary  for  setting  comers. 

297.  Instrumental  Work.  In  this  kind  of  surve)dng  the 
compass  needle  is  never  used  except  as  a  rough  check,  all  angles 
being  read  on  the  plate  circle  by  means  of  the  verniers.  There 
are  two  general  methods  in  vogue  in  the  mining  districts  of 
carrying  the  meridian  from  one  station  to  another.  These  will 
be  designated  as  the  Azimuth  and  the  Angle  methods.  The 
better  method  is  by  azimuths,  as  described  in  this  book,  or  its 
modification,  where  the  bearings  are  carried  on  the  horizontal 
limb  in  the  same  way  as  the  azimuths.  It  is  well  for  beginners 
to  check  the  readings  of  all  important  sights  at  least.  If  the 
instrument  has  been  oriented  and  a  sight  taken  and  recorded, 
this  can  be  checked  by  setting  on  the  back  azimuth  reading, 
and  sighting  to  see  if  the  cross  wires  are  on  the  point;  then 
loosen  the  alidade  and  set  on  the  recorded  forward  reading,  and 
again  sight  to  see  if  the  forward  point  is  caught;  if  so,  the  recorded 
reading  is  correct.  In  the  angle  method  the  vernier  is  always 
set  on  zero  for  the  backsight  and  the  angle  read  to  right  or  left, 
as  the  case  may  be,  to  the  forward  point.  A  nice  check  may 
then  be  made  by  loosening  the  lower  motion  and  turning  on  to 
the  back  station,  then  loosening  the  alidade  and  turning  again 
on  to  the  forward  point.  The  angle  now  read  should  be  just 
twice  the  original  one  for  a  check.  This  method  is  much  in  use 
by  old  railroad  men,  and  although  it  has  a  good  number  of  fol- 
lowers it  cannot  be  recommended.     Care  should  be  taken  in 
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reading  the  vertical  angles,  as  it  seems  easier  to  make  a  mistake 
in  reading  these  than  in  reading  the  horizontal  angles.  With  a 
complete  vertical  circle  the  best  check  is  to  reverse  the  telescope 
and  turn  on  the  point  and  read  again.  With  a  vertical  arc  a 
good  check  may  be  had  by  resetting  the  recorded  angle  on  the 
arc  and  then  sighting  to  see  if  the  horizontal  wire  cuts  the  point 
whose  angle  is  being  checked. 

Too  short  a  back  sight  is  to  be  avoided.  It  is  often  possible 
before  leaving  a  station  to  obtain  a  distant  fore  sight  or  back 
sight,  and  this  should  be  done  when  practicable. 

298.  Stations  and  Methods  of  Measuring.  Stations  are 
generally  stakes  driven  into  the  ground,  the  height  above  the 
surface  being  determined  by  the  nature  of  the  country;  the  exact 
station  point  is  marked  by  the  head  of  an  eightpenny  or  a  ten- 
penny  wire  finishing  nail,  driven  about  half  way  into  the  stake. 

Stations  may  be  taken  on  fallen  logs  or  tree  stumps  by  putting 
in  a  nail  as  before.  In  winter  weather,  if  a  clear  sight  can  be 
obtained,  a  fortypenny  spike  driven  directly  into  the  frozen 
ground  will  make  a  good  station.  It  is  usually  a  good  plan  to 
put  a  piece  of  white  paper  on  the,  station  nail  in  order  that  it 
may  be  more  easily  seen. 

In  measuring,  pins  arc  not  used,  nor  is  there  any  special 
effort  made  to  have  the  tape  horizontal,  the  measurement  being 
taken  from  the  horizontal  axis  of  the  instrument  directly  to  the 
nail-head,  and  the  vertical  angle  read  to  the  same  point,  thus 
enabling  the  horizontal  distance  to  be  calculated. 

The  readings  are  made  to  hundredths  of  a  foot.  Some  sur- 
veyors measure  back  and  forward  from  each  station  as  a  check, 
but  this  is  hardly  necessary  with  careful  work. 

The  distance  between  stations  is  limited  by  the  contour  of 
the  country  and  the  length  of  the  tape.  With  a  tape  of  the 
ordinary  length  the  distance  between  stations  would  be  less  than 
500  feet. 

In  making  a  measurement  care  should  be  taken  that  the 
tape  is  straight  and  subjected  to  a  pull  depending  on  the  dis- 
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tance  that  the  tape  is  unsupported.  Then  get  the  point  on  the 
tape  opposite  the  axis  of  the  instrument,  and  with  the  small 
tape  measure  along  from  this  point  toward  the  zero  end  of  the 
long  tape  to  the  nearest  graduation.  This  will  give  the  niunber 
of  feet  and  fractions  to  be  added  to  the  reading  at  the  graduation 
mark,  and  the  sum  is  recorded  as  the  slope  distance. 

299.  Field  Work  and  Adjustment  of  Claim.  The  field  work 
is  generally  accomplished  with  the  aid  of  one  assistant,  who  car- 
ries the  forward  end  of  the  tape,  puts  in  stations,  clears  out  the 
lines,  assists  in  setting  comers,  etc.  In  a  heavily  timbered 
country  an  extra  axeman  is  of  advantage.  The  field  work  con- 
sists in  the  determination  of  the  true  meridian  by  astronomical 
observation,  as  explained  in  Chapter  IV,  finding  the  position 
of  the  comers  of  the  location  survey,  the  discovery  shaft,  and 
all  improvements  on  the  claim,  whether  made  by  the  claimant 
or  not.  The  comers  of  conflicting  prior  oflScial  surveys  must 
be  located,  and  a  tie  made  to  a  comer  of  the  government  land 
siuvey,  if  one  exists  within  two  miles,  or,  if  such  does  not  exist, 
the  tie  is  taken  to  a  U.  S.  L.  monument  as  described  in  the 
Manual  of  Instructions  for  the  Survey  of  the  Mineral  Lands  of 
the  U.  S.  prepared  by  the  Commissioner  of  the  General  Land 
Office.  This  work  will  be  alluded  to  hereafter  as  the  Manual 
of  Instructions.  It  is  reprinted  in  full  in  Appendix  B  and  must 
be  studied  in  connection  with  all  that  is  written  here  in  regard 
to  patent  work. 

Before  the  deputy  can  have  official  authority  to  survey  the 
claim  the  applicant  must  send  his  application  for  an  order  for 
the  survey,  accompanied  by  a  certified  copy  of  the  "  location 
certificate,"  to  the  Surveyor-General,  and  deposit  the  required 
fees  (see  Manual  of  Instructions).  The  Surveyor-General  will 
then  issue  to  the  surveyor  mentioned  an  order  for  survey,  des- 
ignating the  survey  number  to  be  used.  A  copy  of  the  certi- 
fied copy  of  the  location  certificate  is  also  enclosed. 

It  is  well,  however,  to  tie  up  the  claim  before  the  claimant 
makes  application  for  the  survey  order,  and,  if  the  location  does 
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not  agree  with  the  description  given  in  the  location  certificate, 
to  make  out  and  file  an  amended  certificate  giving  the  correct 
description.  This  may  save  some  time  and  a  little  expense. 
The  I^nd  Ofl&ce  at  the  present  time  is  very  particular  and  will 
allow  but  slight  variation  between  the  field  notes  turned  in  by 
the  deputy  and  the  location  certificate  on  which  the  order  for 
survey  was  based. 

The  next  step,  after  tying  up  the  claim,  is  to  compute  or 
adjust  the  lines  of  the  final  claim  to  be  used  in  the  application 
for  the  patent. 

300.  Conditions  Controlling  the  Patent  Survey.  The  con- 
ditions are  imposed  by  the  fundamental  principle  that  monu- 
ments hold  over  descriptions  and  by  the  law  and  Land  Office 
regulations  on  this  subject.  These  conditions  are  summarized 
as  follows: 

1.  The  final  claim  must  lie  wholly  within  the  location  stakes. 

2.  The  length  along  the  vein  or  lode  must  not  exceed  1500 
feet. 

3.  The  end  lines  must  be  parallel. 

4.  The  distance  from  lode  line  to  side  line  must  at  no  point 
exceed  half  of  the  statutory  width. 

5.  The  lode  line  must  pass  through  the  discovery  shaft. 

6.  The  end  lines  must  be  free,  as  explained  in  the  Manual 
of  Instructions. 

7.  The  bearings  must  be  given  from  the  true  meridian. 
Having  the  lines  of  the  final  claim  computed  in  accordance 

with  the  above,  the  patent  comers  are  set  as  described  in  the 
Manual  of  Instructions. 

The  meridian  used  should  n^ver  vary  more  than  2  or  3  minutes 
from  the  true  meridian.  If  the  variation  with  some  conflicting 
survey  is  more  than  this,  these  surveys  must  be  reported  as  dis- 
agreeing, as  provided  in  the  Manual  of  Instructions. 

It  is  now  the  common  practice  of  deputies  to  find  the  merid- 
ian by  direct  solar  observations,  as  explained  in^  Art.  98, 
although  some  still  use  one  of  the  various  solar  attachments. 
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Below  is  given  an  actual  example  of  the  notes,  etc.,  oif  the 
Jewel  lode  in  the  Cripple  Creek  Mining  District  in  Colorado. 
This  was  selected  as  a  typical  example  from  a  large  number  of 
surveys  with  which  the  writers  have  been  connected  both    in 
this  and  other  districts.    The  survey  was  made  with  a  light 
mountain  transit  and  a  500-foot  tape,  etc.,  as  described.     The 
field  work  included  the  following  operations:  The  true  meridian 
was  determined  by  direct  observation,  the  image  of  the  sun 
being  thrown  on  a  card  held  behind  the  eye-piece.    The  sym- 
metrical sets  of  sun  observations  were  taken,  one  before  and 
one  after  noon.    A  traverse  was  run  to  tie  up  the  location  comers 
of  the  Jewel  lode,  and  also  the  comers  of  patent  surveys,  Nos. 
9689,  8882,  9134,  9122,  9190,  8927,  the  improvements,  and  a 
comer  of   the  government   survey.     In  this  case  the  order  for 
survey  had  been  received  by  the  deputy,  10264  being  the  survey 
number  assigned. 

301.  The  Field  Notes.  These  are  shown  on  p.  403.  The 
first  section  of  the  notes  taken  on  January  20  represent  the 
tying-up  survey,  as  it  is  called.  When  this  was  finished,  the 
notes  were  taken  to  the  oflSce,  where  the  slope  distances  were 
reduced  to  the  horizontal,  the  sun  observations  calculated,  and 
the  true  meridian  determined.  The  corrected  azimuths  were 
inserted  in  column  3  of  the  notes,  and  the  horizontal  distances 
in  column  6  as  shown.  The  work  was  also  platted  as  shown 
by  Fig.  162,  the  transit  lines  as  run  in  the  field  being  dotted  and 
the  claim  lines  shown  unbroken.  The  bearing  and  lengths  of 
the  lines  of  the  claim  were  calculated  from  the  data  obtained 
from  the  notes.  It  will  be  seen  by  Fig.  162  that  the  north  end 
of  the  Jewel  lode  was  taken  in  by  Survey  No.  9190,  Ida,  No.  i 
lode,  a  patent  claim  of  prior  location.  This  necessitated  the 
cutting  back  of  the  Jewel  lode  until  it  had  a  free  end  centre 
off  the  Ida  No.  i  lode  (as  shown  in  Manual  of  Instructions). 
Calculations  were  made  from  which  to  set  the  patent  comers 
to  conform  with  the  above  requirement.  A  traverse  was  cal- 
culated from  Station  i  to  Corner  No.  i. 
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The  notes  of  February  6,  p.  403,  show  the  work  of  setting  the 
comers,  Fig.  163.     Cor.  No.  .1  was  set  from  Station  i,  and  Cor. 


Fig.  162. — Preliminary  Survey. 

No.  4  was  set  from  Cor.  No.  i.     Cor.  No.  2  was  identical  with 
the  S.E.  comer  of  the  location,  and  Cor.  No.  3  was  set  from  it. 
The  method  of  measuring  a  given  distance  on  sloping  ground 
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is  best  done  in  the  following  way:  Set  a  point  on  line  within 
a  foot  or  two  of  the  given  distance,  measure  the  vertical  angle 
and  calculate  the  horizontal  distance.  The  remaining  small 
distance  is  measured  either  beckward  or  forward  horizontally 
to  the  required  point. 

The  style  and  markings  of  the  comers  are  described  in  the 
Manual  of  Instructions.  With  a  stone  comer  the  exact  point 
is  marked  by  a  cross  chiselled  into  the  stone.  Post  comers  are 
preferably  more  than  4  inches  square,  the  exact  point  being 
marked  by  a  nail  driven  in. 

In  making  the  calculations  a  seven-place  table  of  logarithms 
is  largely  used,  although  a  six-place  table  would  serve.  A 
traverse  table  reading  to  minutes  is  very  convenient.  Some 
surveyors  use  calculating  machines. 

The  areas  are  computed  by  dividing  the  figure  into  triangles 
and  quadrilaterals  or  by  double  meridian  distances.  A  planim- 
eter  is  much  used  for  checking  the  areas. 

All  calculations  should  be  carefully  checked  and  should  be 
made  in  a  computation  or  scratch  book  so  that  they  can  be  kept 
for  future  reference. 

After  the  comers  are  set  and  the  field  work  completed  the 
notes  are  taken  to  the  oflSce  and  worked  up,  i.e.,  a  traverse  is 
calculated  as  from  Cor.  No.  i  to  the  S.  {  Cor.  of  Sec.  32  and  a 
tie  calculated  from  some  comer  of  the  Jewel  to  a  comer  of  each 
prior  conflicting  official  survey.  The  intersections  were  calcu- 
lated so  that  the  distance  from  a  particular  comer  to  the  line 
intersected  could  be  given  as  well  as  the  distance  from  the 
intersection  to  the  interior  or  nearest  comer  on  the  intersected 
line.  Closing  traverses,  including  some  convenient  lines  of  con- 
flicting surveys,  were  calculated  in  order  to  see  how  the  Jewel 
checked  with  these  surveys.  Finally  the  areas  are  computed, 
the  notes  written  up,  ajid  the  preliminary  plat  made  as  shown 
in  the  Manual  of  Instructions. 

302.  Preparing  the  Plat.  Fig.  162  shows  the  working  plat. 
It  will  be  seen  that  on  the  preliminary  plat  (Fig.  163)  the  claim 
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is  considerably  shorter  than  the  original  location.  Several  oflScial 
surveys  that  conflicted  with  the  location  did  not  do  so  with  the 
final  survey.  Of  the  shafts  tied  up  two  belong  to  the  claim  and 
two  were  other  improvements.  The  more  northerly  shaft  was 
left  out  when  the  claim  was  cut  back. 

It  will  be  noticed  that  the  Jewel  claim  is  cut  oflf  at  the  exact 
point  where  the  assumed  lode  of  the  claim  enters  the  Ida  No.  i 
lode,  at  150  feet  from  each  of  the  north  comers.  The  present 
and  better  practice  is  to  leave  a  little  free  ground  for  the  assumed 
lode  line  to  pass  through  before  entering  the  claim  for  which  it 
is  cut  oflF,  as  in  this  case  the  distance  along  the  north  end  line  of 
the  Jewel  from  its  N.W.  comer  to  the  intersection  of  the  Ida 
No.  I  line  would  be  151  feet  instead  of  150  feet,  as  it  now  is. 

The  field  notes  are  written  on  regular  blanks  fumished  by 
the  Surveyor-General  and  must  follow  the  form  given  in  the 
Manual  of  Instructions.  They  include  a  description  of  the 
claim  by  bearing  and  distance,  also  the  intersections  and  areas, 
and  the  certificate  of  $500  worth  of  improvements,  if  these  are 
completed  at  the  time.  If  they  are  not,  the  certificate  may  be 
filed  at  a  later  date  (see  Manual  of  Instructions,  Sec.  46).  The 
present  Land  Office  ruling  is  that  the  affidavits  of  labor  and 
improvements  filed  subsequent  to  the  notes  must  show  that 
the  work  was  completed  prior  to  the  expiration  of  the  period 
of  publication.  It  also  requires  that  when  two  or  more  loca- 
tions are  embraced  in  one  application,  the  value  of  the  labor 
and  improvements  must  equal  $500  for  each  and  every  loca- 
tion embraced. 

It  is  required  to  give  the  distance  and  bearing  along  the  lode 
line  on  each  side  of  the  discovery  shaft.  This  last  statement  is 
usually  put  in  the  notes  just  before  the  statement  of  areas,  though 
not  shown  in  the  specimen  field  notes  in  the  Manual  of  Instructions. 

The  preliminary  plat  is  generally  made  on  tracing  cloth  to 
a  scale  of  200  feet  to  i  inch,  and  shows  the  claim  with  its  con- 
flicts and  improvements.  It  must  give  the  bearing  and  length 
of  all  lines  used  in  the  notes.    The  notes  with  the  affidavits  of 
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the  deputy  and  his  assistants,  the  copy  of  the  location  certificate 
received,  with  the  order  from  the  Surveyor-General,  and  any 
report  the  deputy  may  have  to  make,  together  with  the  pre- 
liminary plat,  are  returned  to  the  Surveyor-General's  office, 
where  they  are  examined  and  the  work  checked;  if  found  cor- 
rect, they  are  approved  and  the  Surveyor-General's  certificate 
of  approval  attached. 

A  copy  is  then  made  of  the  approved  notes,  attached  to  which 
is  the  Surveyor-General's  certificate  that  it  is  a  true  copy  of  the 
notes,  and  that  the  proper  amount  has  been  expended  in  labor 
and  improvements,  in  case  the  affidavit  has  been  filed.  The 
approved  notes,  together  with  a  number  of  copies  of  the  approved 
plats  one  greater  than  the  number  of  locations  embraced  in  the 
claim,  are  now  returned  to  the  deputy  who  made  the  survey. 
The  approved  plats  are  much  the  same  as  the  preliminary  plat 
made  by  the  deputy,  except  that  the  Surveyor-General's  certifi- 
cate of  approval  and  of  expenditure  is  attached. 

This  properly  finishes  the  work  of  the  surveyor,  who  now 
turns  the  notes,  plats,  etc.,  over  to  an  attorney.  The  surveyor 
should  keep  a  record  of  all  official  correspondence  and  of  all 
notes  returned  to  the  Surveyor-General's  office;  also  a  copy 
of  all  plats. 

303.  Placer  Claims.  The  patent  survey  of  a  placer  claim 
is  much  the  same  as  that  of  a  lobe  claim  except  that  it  is  not 
limited  to  such  a  great  extent.  Like  a  lode  claim,  however, 
it  must  coincide  or  lie  within  the  location  boundaries.  The 
lines  of  a  placer  claim  cannot  lap  over  other  claims,  and  the 
area  in  conflict  be  excluded  as  with  lode  claims.  All  known 
lodes  must  be  excluded.  Placers  are  often  patented  with  lodes 
under  one  survey  number.  Unlike  lode  claims,  the  deputy 
must  submit  under  oath  to  the  Sur\'eyor-General's  office  a 
description  of  the  soil,  vegetation,  etc.,  on  the  ground  included 
within  the  placer  claim  (see  Manual  of  Instructions).  Two  dis- 
interested persons  are  also  necessary  to  make  a  corroborative 
affidavit.    When  placer  ground  is  patented  by  legal  subdivision 


METHODS   OF   PLANE   SURVEYING  409 


no    survey    is    necessary,    but   a    descriptive    report    must    be 
made. 

304.  Mill  Sites.  A  mill  site*  may  be  patented  on  non-mineral 
land  not  contiguous  to  vein  or  lode,  i.e.,  not  joining  the  end  line 
of  a  lode  claim,  nor  including  within  its  boundaries  known  lodes. 
A  mill  site  when  located  in  connection  with  a  lode  claim  may 
be  patented  under  the  same  survey  number  as  the  lode  and 
without  additional  development  work.  It  must  not  contain 
more  than  5  acres,  and  is  surveyed  and  the  comers  are  set  at  the 
same  time  as  the  lode  claim.  The  patent  survey  must  not  extend 
over  the  location  lines.  One  corner  is  tied  to  a  comer  of  the 
government  feurvey,  and  to  a  comer  of  the  lode  claim  with  which 
it  is  to  be  patented.  A  mill  site  may  be  patented,  not  connected 
with  a  lode  claim,  if  a  mill  is  actually  built  or  in  process  of 
construction. 

305.  Amended  Surveys,  These  surveys  are  ordered  by 
special  instructions  from  the  General  Land  OflBce,  and  no  rule 
can  be  given  for  the  work  (see  Manual  of  Instructions).  A  very 
common  cause  for  ordering  these  surveys  is  that  claims  applying 
for  patent  after  the  survey  is  made  lose  the  ground  on  which 
one  or  both  end  IJnes  are  situated.  Therefore,  after  all  suits 
are  settled  and  before  a  patent  is  issued,  an  amended  survey  is 
ordered  to  cut  back  the  end  lines  to  free  ground.  The  amended 
survey  must  keep  within  the  original  survey.  The  survey  retains 
the  same  number,  but  must  be  mentioned  in  the  notes,  etc.,  as 
an  amended  survey;  as,  "  Sur.  No.  9463  Am."  Amended 
surveys  are  also  ordered  when  a  material  error  has  been  made 
in  the  original  patent  survey  and  for  a  variety  of  other  causes. 

306.  Adverse  Surveys.  When  the  owner  of  a  mining  claim 
applies  for  a  patent  it  often  happens  that  ground  is  included 
that  is  claimed  by  other  parties  as  belonging  to  another  claim^ 
These  parties  must  file  a  protest  in  the  local  land  office  in  order 
to  protect  themselves  against  the  issuance  of  the  patent  to  the 
conflicting  ground.  The  protest  is  known  as  **  an  adverse," 
and  must  be  accompanied  by  a  plat  showing  the  conflict  claimed 
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to  exist  and  a  description  of  the  conflict  by  bearing  and  distance. 
It  is  required  that  this  plat  and  survey  be  made  by  a  U.  S.  Deputy 
Mineral  Surveyor  under  oath,  who  also  makes  affidavit  as  to  the 
labor  and  improvements  on  the  adversing  claim.  The  field  work 
on  an  adverse  survey  is  much  the  same  as  the  tying-up  survey 
in  patent  work,  except  that  it  is  not  necessary  to  connect  with  a 
comer  of  the  government  survey,  nor  to  tie  in  the  comers  of  any 
conflicting  official  survey  other  than  those  directly  concerned. 
The  adverse  plat  must  show  the  whole  of  the  adversing  claim 
and  that  part  of  the  adversed  claim  necessary,  also  the  position 
of  all  improvements. 

The  conflict  between  the  claims  is  generally  colored  on  the 
plat.  The  description  should  begin  at  a  comer  of  the  adversed 
claim  or  at  a  point  connected  by  bearing  and  distance  to  such 
a  comer.  The  area  of  the  conflict  is  given.  If  the  adversing 
claim  has  also  been  surveyed  for  a  patent,  no  field  work  will  be 
necessary  in  making  the  adverse  plat. 

^    Underground  Surveying 

307.  General  Statement.  Underground  surveying  has  for 
its  object  the  determination  of  the  position  of  the  various  work- 
ings of  a  mine  with  relation  to  themselves  and  to  the  surface 
boundaries  and  improvements,  or  with  relation  to  a  system  of 
reference  planes.  The  information  gathered  by  means  of  the 
survey  is  used  to  determine  the  proximity  of  property  lines,  the 
neighborhood  of  other  workings,  to  give  points  for  running  con- 
nections to  locate  and  map  any  geological  features  that  are 
important,  to  calculate  the  ore  stoped  out  or  the  probable 
amount  in  sight,  etc.  All  of  these  uses  are  not  necessarily 
required  of  one  survey,  but  it  is  true  that  no  mining  property  of 
any  magnitude  can  be  worked  systematically  and  intelligently 
without  surveys.  The  survey  is  shown  by  means  of  one  or 
more  maps.  These  maps  include  a  plan,  and  generally  the 
projection  of    the    workings    on    two  vertical   planes  at  right 
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angles  to  each  other;  also,  in  many  cases,  sections  at  particular 
points.  The  survey  is  generally  begun  by  determining  the  true 
meridian,  tying  in  the  boundary  monuments  and  surface  work- 
ings, and  estabUshing  points  near  the  entrance  to  the  mine.  The 
meridian  must  then  be  carried  into  the  shaft  incline,  adit,  or 
tunnel,  and  the  main  parts  of  the  mine.  This  is  the  most  par- 
ticular part  of  underground  surveying,  as  the  special  diflSculties 
encountered  make  great  care  necessary  to  avoid  serious  error. 
Having  the  meridian  underground  the  workings  are  run  out  if 
a  general  map  is  wanted,  or  if  some  special  problem  is  to  be 
solved  the  data  necessary  can  be  obtained. 

308.  Instnunents.  For  this  work  a  light  mountain  transit 
similar  to  the  one  described  for  patent  work  is  generally  used. 
It  has,  in  addition  to  the  points  mentioned,  an  auxiliary  tele- 
scope on  either  the  top  or  the  side  of  the  main  telescope,  for 
vertical  or  highly  inclined  sightings,  and  for  careful  work  should 
have  either  a  complete  vertical  circle  or  else  have  a  reversion 
level  bubble  attached  to  the  telescope.  In  some  cases,  for  the 
most  particular  work,  an  instnmient  with  eccentric  bearings  and 
striding  levels  may  be  advisable.  Where  long  sights  can  be 
taken,  a  300-  or  500-foot  tape,  with  a  short  one  for  reading  the 
fractions,  may  be  used.  For  short  sights,  which  are  the  majority 
of  those  taken  underground  under  ordinary  circumstances,  a 
100- foot  ribbon  tape,  divided  to  hundredths,  will  be  most«advan- 
tageous.  Besides  a  variety  of  things  to  be  found  at  the  mine,  the 
surveyor  will  need  wire  for  plumbing  shafts,  heavy  plumb-bobs, 
extra  blumb-bobs  for  station  sights,  screw  eyes,  nails,  an  axe, 
notebook,  pocketbook  of  tables,  etc.  Figs.  164  and  165  show 
the  two  types  of  mining  transits  that  are  most  used. 

309.  The  Use  of  Top  Telescope,  In  underground  work 
we  wish  to  find  the  bearings  of  the  lines,  their  lengths,  and 
the  differences  of  elevation  between  the  stations.  The  survey 
is  then  a  traverse  to  find  the  three  co-ordinates  of  the  points 
occupied.  AVhen  the  sights  become  so  steep  that  they  cannot 
be  taken  with  the  main  telescope  on  account  of  the  interference 
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with  the  plate,  then,  unless  the  instrument  is  provided  with 
eccentric  bearings,  either  a  top  or  a  side  telescope  is  a  necessity. 
In  using  the  top  telescope,  it  must  be  adjusted  so  that  its  line 
of  sight  is  parallel  to  the  line  of  sight  in  the  main  telescof>e.  If 
the  Saegmuller  type  of  top  telescope  (Fig.  47)  is  used,  it  is 
adjusted  as  for  solar  work,  and  it  is  only  necessary  to  level  both  tele- 
scopes and  bring  the  vertical  wire  of  the  top  telescope  into  the 
same  vertical  plane  as  the  vertical  wire  of  the  main  telescope. 
This  is  done  by  sighting  on  a  point  some  distance  away  with  the 
main  telescope  and  swinging  down  till  the  point  comes  into  view 
in  the  top  telescope,  then  move  the  top  telescope  by  its  lateral 
tangent  screws  until  the  cross  wires  cut  the  point  sighted.  The 
instrument  is  now  ready  for  use,  but  has  the  disadvantage  of 
low  power  in  case  of  the  Saegmuller  solar  form,  and  is  less  stable 
under  trying  circumstances  than  a  telescope  mounted  directly 
on  the  axis. 

The  adjustable  telescope  is  mounted  on  a  central  axis  with 
trivet  plates  and  adjusting  screws.  With  this  form  the  liqe  of 
sight  is  adjusted  to  the  optical  centre  by  rotating  in  wyes  as  with 
a  wye  level.  In  this  case  wooden  wyes  may  be  made  to  ser\'e. 
When  this  has  been  done  the  vertical  wires  of  the  two  telescopes 
are  brought  into  coincidence  as  above,  using  the  lateral  tangent 
motion  of  the  top  telescope.  Then  to  bring  the  horizontal  wire 
of  the  top  telescope  to  a  position  such  that  the  two  lines  of  sight 
are  parallel,  measure  the  vertical  distance  between  the  telescopes 
and  draw  two  horizontal  lines  at  this  distance  apart  on  a  piece 
of  white  paper.  Sight  the  horizontal  wire  of  the  lower  telescope 
on  the  lower  line  on  the  paper  at  a  distance  of  50  feet  or  more 
from  the  instrument;  then  bring  horizontal  wire  of  top  telescope 
to  coincide  with  upper  mark  by  means  of  the  trivet  adjusting 
screws.  This  form  permits  of  very  accurate  work,  ranking  next 
to  the  special  mining  transits  with  eccentric  bearings. 

The  ordinary  form  of  top  telescope  (Fig.  165)  is  fixed  rigidly 
in  place  so  that  the  adjustment  given  above  must  be  made  by 
moving  the  cross  wires.      The  rigid  type  of   top  telescope  is 
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mounted   by  some  makers  on   two  pillars    fixed    to   the    main 
telescope. 

If  the  measurement  is  taken  from  the  axis  of  the  top  tele- 
scope to  the  next  station  as  shown  in  Fig.  i66,  the  reductions 
are  made  as  follows:  Let  d  equal  the  slope  distance;  r,  the 
distance  between-  the  telescopes;  a,  the  angle  of  depression  or 
elevation;  then  the  horizontal  distance  is  equal  to  d  cos  «  + 
r  sin  a.  The  difference  in  elevation  is  equal  to  rf  sin  a± 
r  COS  a±H.  I, 


Fio.  t£6.  Fig,  167. 

If  the  top  telescope  is  mounted  on  standards,  or  if  for  some 
other  reason  it  is  desirable  to  measure  from  the  horizontal  axis 
of  the  main  telescope,  the  reductions  are  as  follows:  In  Fig.  167 
let  d  equal  the  slope  distance;  r,  the  distance  between  the  tele- 
scopes; and  a,  the  angle  of  depression  or  elevation  read.  The 
real  angle  of  depression  or  elevation  of  the  measured  line  is  «', 

a'  being  equal  to  a±sin""M -7J,  taking  minus  sign  for  correction 

to  angle  of  depression,  and  plus  for  angle  elevation  read.  Then 
horizontal  distance  is  equal  to  d  cos  «'.  Difference  in  elevation 
is  equal  to  d  sin  «'  ±  H.  I. 
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310.  Use  of  Side  and  Top  Telescope.  In  using  a  side  tele- 
scope the  lines  of  sight  in  the  two  telescopes  should  be  made 
parallel  in  a  manner  very  similar  to  that  used  for  the  top  telescope. 
The  side  telescope  screws  firmly  to  the  end  of  the  horizontal  axis 
of  the  transit;  it  is  generally  provided  with  tangent  screws  for 
movement  in  a  vertical  plane,  and  may  have  adjusting  screws 
for  lateral  movement;  this  would  be  called  an  adjustable  side 
telescope. 

To  use  the  adjustable  side  telescope,  first  adjust  the  line  of 
sight  to  the  line  of  collimation,  using  the  method  by  means  of 
wyes  as  before,  then  adjust  the  horizontal  wire  by  sighting  a 
point  200  or  300  feet  away  through  the  main  telescope,  swinging 
on  the  vertical  axis  of  the  transit  until  the  point  comes  into  view 
in  the  side  telescope,  and  moving  this  telescope  up  or  down  by 
tangent  screws  until  the  horizontal  wire  cuts  the  point.  For  the 
vertical  wire  measure  the  distance  between  the  telescopes  and 
draw  vertical  lines  at  this  distance  apart  on  a  paper  set  a  distance 
of  50  or  100  feet  from  the  instrument.  Now  bring  the  vertical 
wire  of  the  main  telescope  to  coincide  with  one  line,  and  then 
bring  the  vertical  wire  of  the  side  telescope  to  coincide  with  the 
second  mark  by  means  of  its  adjusting-screws.  In  case  of  a  non- 
adjusting  side  telescope  make  the  correction  by  moving  the 
reticule.  In  a  very  common  form  the  vertical  wire  must  be 
brought  to  the  proper  position  by  means  of  the  movement  of  the 
reticule,  and  the  horizontal  wire  is  adjusted  by  means  of  tangent 
screws  moving  the  side  telescope.  The  measurements  are  now 
made  directly  from  the  horizontal  axis  of  the  instrument  to  next 
station  and  the  H.  I.  measured.  Then  the  horizontal  distance 
is  equal  to  the  slope  distance  times  the  cosine  of  the  angle  of 
elevation  or  depression,  and  the  difference  in  elevation  is  equal 
to  the  sine  of  the  angle  of  elevation  or  depression  times  the  slope 
distance,  plus  or  minus  the  H.  I.  WTien  the  side  telescope  is  used 
and  only  one  forward  sight  taken  to  each  station,  the  azimuth 
read  must  be  corrected  by  an  angle  whose  sine  is  the  distance 
between  the  telescopes  divided  by  the  horizontal  distance  between 
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the  Stations.  The  correction  can  be  obviated  by  sighting  to  a 
double  rod,  the  two  parts  being  separated  by  a  distance  equal  to 
the  eccentricity  of  the  side  telescope,  but  this  is  not  recommended. 

It  is  to  be  noted  that  if  both  the  fore  and  back  sights  on  any 
course  be  taken  with  the  side  telescope,  the  instrument  remains 
properly  oriented  at  each  succeeding  new  station.  Consequently 
the  field  notes  need  show  no  correction,  but  in  the  office  those 
sights  taken  with  the  side  telescope  must  have  their  azimuths 
Increased  or  diminished  according  as  the  side  telescope  is  on  the 
right-  or  left-hand  side. 

One  of  the  great  advantages  of  the  side  telescope  is  that  by 
reversion  the  errors  in  adjustment  of  side  telescope  and  transit 


Fig.  1 68. 

can  be  eliminated,  provided  the  instrument  is  carefully  levelled. 
To  accon^lish  this  two  sights  and  readings  are  taken  for  each 
forward  and  backward  sight,  as  follows: 

The  instrument  being  at  station  A  Fig.  i68,  and  the  tele- 
scope direct,  station  B  is  sighted  with  the  back  azimuth  properly 
set  off  and  the  forward  azimuth  Z',  and  the  vertical  angle  read 
to  station  C.  Then  with  telescope  reversed  station  B  is  sighted, 
using  the  same  back  azimuth  and  the  azimuth  Z",  and  the  vertical 
angle  again  read  to  station  C. 

From  Fig.  i68  it  is  plain  that  the  average  of  the  two  azimuths 
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read  (the  second  reading  being  corrected  by  i8o°  as  telescope 
was  reversed)  will  be  the  true  azimuth  Z  between  the  stations, 
thus  eliminating  the  effect  of  the  side  telescope  if  the  latter  main- 
tains a  fixed  relation  to  the  main  telescope;  also  eliminating  the 
eflFect  of  an  inclined  horizontal  telescope  axis,  which  is  such  an 
important  factor  where  steep  sights  are  taken.  The  average  of 
the  two  vertical  angles  read  will  give  the  true  vertical  angle. 
For  an  absolute  check  repeat  the  whole  operation. 

311.  Stations.  Underground  stations  may  consist  of  over- 
head or  floor  stations,  and  may  be  either  permanent  or  temporary. 
When  it  is  advisable  to  establish  a  station  in  a  tie  or  in  a  stake 
or  plug  driven  in  the  floor,  the  head  of  a  wire  nail  is  good.  For  a 
permanent  station  in  a  rock  floor  a  hole  3  to  6  inches  deep  is 
drilled  and  a  wooden  plug  set,  in  which  a  nail  can  be  driven. 
Some  writers  mention  the  use  of  a  f  inch  boiler  rivet  sunk  in  a  hole 
i  inch  diameter  and  i^  inches  deep.  The  rivet  is  split  for  an  inch 
and  has  a  wedge  started  in  the  split;  this  wedge  strikes  the 
bottom  of  the  hole  first,  spreads  the  rivet,  and  holds  it  firmly 
in  solid  rock. 

For  permanent  overhead  stations  screw  eyes  set  into  caps 
or  stuljs,  from  which  a  plumb-line  can  be  suspended,  are  the 
most  convenient;  where  timbers  are  not  available,  a  hole  is 
drilled  in  the  rock  from  3  to  6  inches,  and  a  wooden  plug  driven 
in  and  the  screw  eye  set  as  before.  Horseshoe  nails  with  a  hole 
punched  in  the  head  have  been  used  in  place  of  screw  eyes,  but 
it  is  an  unnecessary  trouble  to  have  them  made.  A  three-inch 
wire  nail,  bent  in  the  form  of  a  staple,  makes  an  excellent  station, 
as  the  sharp  comer  allows  the  plumb-bob  string  to  always  take 
the  same  position. 

.  In  a  large  mine  the  stations  should  be  carefully  numbered. 
If  the  mine  is  worked  by  levels,  a  good  system  is  to  number 
sations  on  ist  level  loi,  102,  etc.,  those  on  2d  level  201,  202,  etc., 
and  so  on  for  all  the  levels,  thus  avoiding  mistakes  and  saving 
time  in  hunting  up  notes.  The  numbers  may  be  painted  or 
scribed  on  the  adjacent  timbers  or  rock.     A  very  reliable  way 
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is  to  use  round-headed  nails,  as  !  ;  ;  for  324,  a  washer  serving  for 

zero.  The  very  best  method,  however,  is  to  use  brass  or  zinc 
tags  marked  with  stamps.  This  tag  is  nailed  to  the  plug  or 
timber  according  to  the  character  of  the  station. 

It  is  very  important  in  extensive  workings  to  have  the  stations 
legibly  and  systematically  numbered  and  referenced;  the  latter 
precaution  is  especially  necessary  where  the  station  is  in  a  timber, 
as  witness  the  mishap  of  the  man  who  ran  a  connection  from  a 
station  in  a  stull,  which  the  miners  had  turned  end  for  end!  Also 
in  some  places,  notably  in  coal  mines,  the  miners  have  a  habit 
of  remo\'ing  or  tampering  with  the  stations,  thus  causing  endless 
trouble  unless  they  are  properly  referenced  and  tested  before  use. 

Stations  in  shafts  or  inclines  for  temporary  use  may  consist 
of  nails  driven  into  the  edge  of  the  shaft  timbers,  or  in  a  sprag, 
and  are  usually  set  at  an  angle  such  that  they  can  be  sighted 
from  above  and  below.  Stations  are  very  often  made  of  a  piece 
of  tin  about  3X4  inches  with  a  cross  cut  in  it.  This  is  covered 
with  tracing  cloth  and  nailed  to  a  plank  over  a  hole  or  notch  so 
that  the  cross,  when  illuminated,  can  be  sighted  from  both 
directions. 

Stations  are  illuminated  for  sighting  by  holding  a  light  clos^ 
behind  them.  The  best  method  is  by  holding  a  piece  of  tracing 
cloth  or  oiled  paper  between  the  station  and  the  light,  thus  pre- 
senting a  comparatively  large  illuminated  surface  on  which  the 
station  and  cross  wires  may  be  seen.  Plummet  lamps  have 
been  used;  they  are  simply  ordinary  mine  lamps  made  in  the 
form  of  a  plummet  and  swung  by  a  bail  so  that  the  flame  hangs 
true.  It  is  sometimes  necessary  to  illuminate  the  cross  wires 
in  taking  sights,  as  well  as  the  stations.  It  is  generally  sufficient 
to  hold  a  candle  near  enough  in  front  of  the  object  glass  to  throw 
light  into  the  telescope  tube;  in  other  cases  a  metal  or  paper 
reflector  is  used,  while  some  mining  transits  have  a  hollow  axis 
through  which  light  may  be  directed.  The  difficulties  of  properly 
lighting  the  stations  and  cross  wires  vary  with  the  length  of  the 
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sight,  the  condition  of  the  air,  and  the  character  of  the  rock. 
In  coal  mines  it  is  much  more  difficult  to  get  sufficient  light  owing 
to  the  absorption  of  light  by  the  black  walls,  etc.;  those  coal 
mines  that  are  not  fiery  use  oil  lamps  and  torches.  In  metal 
mines  candles  are  much  used,  except  in  very  wet  places,  where 
the  falling  water  would  extinguish  them.  A  good  candle,  where 
it  can  be  used,  makes  the  best  light  for  the  surveyor,  giving  a 
clear  light,  without  soot  or  smoke,  and  suitable  for  reading  and 
sighting.  Electric  mine  lamps  have  been  devised,  but  have  not 
yet  come  into  general  use. 

312.  To  Carry  the  Meridian  into  the  Mine.  By  Means 
of  the  Transit.  If  the  mine  is  entered  by  adit,  tunnel, 
or  slope,  the  meridian  is  carried  in  by  ordinary  underground 
-traverse,  to  be  described  later. 

If  the  mine  is  entered  by  an  incline  or  a  crooked  shaft,  the 
line  is  run  in  with  a  transit  provided  with  an  auxiliary  tele- 
scope. This  method  is  of  wide  application  and  is  much  used 
by  engineers.  It  is  adapted  to  that  class  of  mines  working 
more  or  less  vertical  veins,  where  the  shaft  or  incline  follows 
the  vein  on  its  dip.  One  shaft  surveyed  by  the  authors  was 
So  crooked  that  in  600  feet  eight  sights  were  necessary,  yet 
the  bottom  of  the  shaft  was  only  a  few  feet  away  from  where 
it  would  have  been  if  the  shaft  had  been  vertical.  In  this  case 
the  bends  in  the  shaft  limited  the  length  of  the  sights  and  at 
some  points ''necessitated  stagings  between  the  levels.  When 
the  incline  is  straight,  as  in  the  case  of  some  of  the  largest  mines, 
the  length  of  the  sights  is  only  limited  by  the  length  of  the  tape, 
the  condition  of  the  atmosphere,  etc. 

It  is  easier  to  run  down  an  incline  than  up,  on  account  of 
the  greater  ease  in  measuring  the  distances.  In  any  event  it  is 
more  difficult  to  see  down  than  up,  except  in  very  wet  places, 
on  account  of  the  greater  difficulty  in  lighting  the  stations. 

Great  care  should  be  taken  in  reading  tbe  vertical  angle,  as 
a  small  error  in  such  a  case  changes  appreciably  the  horizontal 
distance  between  the  stations.    The  accuracy  diminishes  as  the 
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Steepness  of  the  sights  increases,  because  the  azimuth  is  deter- 
mined by  the  horizontal  projection  of  the  line  of  sight,  and  this 
base  line  becomes  very  short  with  steep  sights.  A  steep  sight 
implies  a  great  difference  in  elevation  between  (ore  sight  and 
back  sight;  thus  an  error  in  the  adjustment  of  the  transit  is 
greatly  magnified,  and  must  be  very  carefully  eliminated  in 
important  cases,  by  reversal,  striding  levels,  etc.  A  very  small 
error  in  sighting  to,  or  setting  over,  stations  marking  the  extremi- 
ties of  a  short  base  line  will  be  material:  e.g.,  suppose  the  shaft 
will  allow  only  a  5-foot  base  line;  then  if  the  sights  were  100 
feet  long,  the  vertical  angle  would  be  about  87°  8'.  Now,  if  it  is 
admitted  that  there  is  a  probability  of  the  combined  error  of 
setting  and  sighting  being  .003  feet  at  right  angles  to  the  plane 

through  the  stations,  the  error  would  be  tan""M  ^^ — -\  equals  2 

minutes.  This  is  a  compensating  error,  consequently  the  square 
root  of  the  total  number  of  errors  probably  remains  uncompen- 
sated. Thus  it  is  seen  that  it  would  take  great  care  to  run,  say, 
400  feet  down  the  shaft  with  an  error  not  more  than  3  or  4  min- 
utes. From  the  above  discussion,  and  also  from  the  results  of 
experience,  it  follows  that  for  a  vertical  shaft  the  meridian  may 
be  carried  down  more  accurately  and  more  quickly  by  plumb- 
lines  than  by  use  of  the  mining  transit.  This  statement  holds 
with  more  force  with  a  deep  shaft.  No  definite  rule  can  be 
given  in  regard  to  this  work,  as  the  details  in  almost  every  case 
are  different  and  much  depends  on  the  ingenuity  of  the  surveyor 
and  assistant. 

313.  By  Use  of  Pliunb-Lines.^  The  plumb-bobs  used  are 
of  lead  or  iron,  and  weigh  from  5  to  20  lbs.,  according  to  the  depth 
of  the  shaft  and  the  condition  of  the  same.  Up  to  perhaps  1000 
feet  the  weight  might  be  from  8  to  12  lbs.  with  No.  22  copper 

*  The  operator  must  guard  against  constant  air  currents,  however  sh'ght,  as 
these  may  cause  a  constant  deviation  in  deep  shafts,  even  with  very  heavy  bobs. 
Sec  Eng.  and  Min.  Jour.,  April  26,  1902,  p.  578. 
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or  soft  steel  wire;  for  shorter  distances  bobs  weighing  from  5  to 
8  lobs.,  with  No.  24  wire,  will  do;  while  for  greater  depths  or 
heavier  bobs  it  may  be  advisable  to  use  No.  20  wire.  Copper 
wire  is  generally  to  be  preferred,  although  it  stretches  more. 
The  plumb-bobs  should  swing  in  a  bucket  of  oil,  mud,  or  other 
liquid  that  will  retard  the  vibrations.  The  point  of  the  bob  in 
swinging  traces  an  ellipse.  If  we  do  not  choose  to  wait  for  the 
bobs  to  stop  swinging,  a  board  may  be  placed  close  to  each  wire 
and  at  right  angles  to  the  plane  through  the  two  wires  and  the 
vibrations  read  for  some  time  by  means  of  a  scale,  then  a  mark 
is  made  opposite  the  mean  position  and  the  sight  taken.  Other- 
wise the  surveyor  waits  until  the  vibrations  have  stopped  or  have 
nearly  done  so,  and  then  takes  the  sight.  With  this  method 
the  observations  on  the  wire  must  be  continued  long  enough 
to  make  sure  that  the  line  is  stationary  and  not  merely  at  some 
point  in  its  slow  vibration.  There  is  in  use  in  the  Pennsylvania 
coal  mines  a  bob  made  of  two  flat  disks  of  iron  connected  by  ribs 
and  weighing  20  lbs.;  this  is  specially  designed  so  that  it  may  be 
left  until  it  has  assumed  a  stationary  position. 

There  are  several  different  conditions  met  with  in  plumbing 
shafts,  which  naturally  divide  the  subject  for  systematic  dis- 
cussion.   These  cases  will  be  taken  up  in  order  as  follows: 

314.  When  There  are  Two  Shafts.  Hang  a  plumb-line  in 
each  shaft  at  A  and  5,  Fig.  169,  then  on  the  surface  run  a  trav- 
erse from  A  to  5,  from  which  the  true  azimuth  and  length  of 
the  direct  course  AB  can  be  calculated.  Underground  assume 
the  bearing  of  the  first  course  (i)  to  -4  and  run  a  traverse  to  the 
second  plumb-line  at  B  and  calculate  the  azimuth  and  length  of 
the  underground  line  AB,  The  difference  in  the  azimuths  found 
by  the  two  surveys  will  give  the  correction  to  be  applied  to  the 
underground  azimuths  to  bring  them  to  the  true  meridian.  For 
a  check  on  the  work  the  horizontal  distances  resulting  from  the 
calculation  of  the  two  traverses  should  agree. 

In  Fig.  169  it  is  assumed  that  the  surface  survey  determined 
the  azimuth  of  AB  as  270°  10',  and  that  the  azimuth  as  determined 
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from  the  underground  survey  with  an  assumed  meridian  was 
275®  20',  from  which  it  follows  that  all  the  azimuths  of  the  under- 
ground survey  should  have  5°  10'  subtracted  from  them  to  read 
from  the  true  meridian.  This  method,  or  a  modification  of  t, 
should  be  used  whenever  possible,  on  account  of  the  accuracy 
easily  attainable  by  it.  The  base-line  on  which  the  meridian 
depends  being  in  this  case  the  length  of  the  line  between  the 
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underground  survey 
Fig.  169. 


plumb  wires,  corresponding  to  AB  in  Fig.  169.  This  method 
is  often  used  for  running  from  one  level  to  another  in  a  mine 
where  the  main  shaft  and  a  winze  or  manway  can  be  used. 

315.  When  One  Vertical  Shaft  is  the  Only  Entrance  to  the 
Mine.  In  this  case  two  plumb-lines  are  hung  in  the  shaft  as 
far  apart  as  possible.  As  AB,  Fig.  170.  They  are  placed  in  this 
way  because  the  longer  the  base-line  the  less  a  slight  discrepancy 
will   affect   the   meridian   determined   from   it.    Before   letting 
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down  the  wires  it  is  usually  well  to  make  an  examination  of  the 
shaft  to  determine  the  most  advantageous  way  of  hanging  them; 
keeping  in  mind  the  desirability  of  a  long  base-line,  but  arranging 
the  wires  so  as  to  be  most  available,  at  the  different  levels,  for 
taking  off  the  line.  It  often  happens  that  the  head  works  limit 
to  some  extent  the  position  in  which  the  wires  can  be  hung. 
This  part  of  the  work  requires  good  judgment  and  experience 
on  the  part  of  the  engineer. 

In  the  larger  mines,  with  shafts  of  three  or  more  compart- 
ments, it  is,  as  a  rule,  easy  to  get  a  good  base-line,  but  it  is  often 
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Fig.  170. — Carrying  Azimuth  down  a  Single  Vertical  Shaft  by  Plumb  Lines. 

necessary  to  carry  a  meridian  into  shafts  much  smaller  but  of 
considerable  depth,  and  where  the  several  levels  run  off  at  dif- 
ferent horizontal  angles  from  the  shaft.  In  some  cases  the 
operation  of  plumbing  will  have  to  be  carried  out  two  or  more 
times  in  order  to  connect  with  the  different  levels.  See  Fig.  170. 
After  the  preliminary  examination  the  wires  are  let  down 
the  shaft  with  a  small  plumb-bob  or  other  weight,  the  heavy 
bobs  being  attached  at  the  bottom.  The  transit  is  set  up  on 
the  surface  so  as  to  be  in  line  with  the  position  of  the  wires 
determined  upon.  One  wire  is  then  sighted  directly,  and  the 
other  brought  into  line. 
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The  wires  may  be  suspended  from  heavy  spikes  driven  into 
the  timbers  or  into  a  cross-beam  put  in  for  that  purpose,  or  any 
other  convenient  way  that  furnishes  a  solid  support.  A  very 
important  point  is  to.  make  sure  that  the  wires  hang  perfectly 
free.  This  may  be  determined  by  passing  a  light  slowly  around 
the  wire  at  the  bottom  and  observing  the  same  from  the  top. 
Sometimes  it  is  necessary  to  climb  down  the  shaft  and  inspect 
the  wires  in  detail,  or  the  support  may  be  given  a  measured 
movement  and  the  wire  watched  to  see  if  a  corresponding  move- 
ment  takes  place  below.  In  a  well-timbered  shaft  using  a  bucket, 
a  man  can  be  lowered  slowly  without  disturbing  the  wires,  and 
their  position  thus  fully  determined. 

In  order  to  get  the  instrument  below,  the  wires  and  sup- 
ports are  so  arranged,  if  possible,  that  they  will  allow  of  the 
bucket  or  cage  passing  down  while  the  wires  are  swung  tem- 
porarily against  the  timbers.  If  this  cannot  be  done,  and  only 
one  transit  is  available,  it  will  have  to  be  carried  down  the 
ladders.  At  the  various  levels  of  the  shaft,  the  transit  must 
be  set  in  line  with  the  two  wires  at  a  distance  of  from  5  to  15 
feet  or  more  from  them,  according  to  the  exigencies  of  the  case. 
This  requires  great  care,  especially  where  currents  of  air  or 
falling  water  prevent  the  wires  from  becoming  absolutely  sta- 
tionary. The  vibration  is  so  slow  in  many  cases  that  there  is 
danger  of  taking  the  wire  in  a  wrong  position.  A  plumb-bob 
swung  with  a  500- foot  cord  would  require  over  12  seconds  to 
vibrate  in  air,  and  if  retarded  by  swinging  in  oil  or  water  it  may 
take  several  times  as  long.  As  soon  as  the  transit  is  in  place 
its  position  should  be  marked  by  a  permanent  station  and  another 
one  put  ahead,  so  that  at  least  two  stations  are  available  for 
orientation.  It  often  happens  that  it  is  not  convenient  to  establish 
a  permanent  station  where  the  instrument  sets,  after  transiting 
in,  but  one  may  be  set  ahead  and  a  back-sight  station  fixed  at 
some  convenient  point  on  line. 

When  this  has  been  done  at  each  level  where  the  azimuth 
is  to  be  taken  off,  the  plumb-lines  are  removed  from  the  shaft 
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and  the  different  levels  run  out  at  the  surveyor's  conveni- 
ence. 

If,  m  o  der  to  ge";  a  long  base-line,  the  wires  are  placed  so 
that  they  are  not  'n  line  with  the  levels,  it  becomes  necessary 
to  set  the  instrument  at  one  s'de  in  the  level  and  tie  in  to  both 
wires,  thus  obtaining  the  azimuth  by  the  solution  of  a  traverse 
or  triangle  as  in  the  first  case,  where  there  are  two  shafts.  This 
method  is  sometimes  necessary,  but  as  a  general  rule  it  is  not 
to  be  recommended,  unless  a  much  longer  base-line  can  be  had 
by  its  use. 

The  depth  of  the  shaft  can  be  determined  by  measuring 
directly  from  level  to  level,  or  from  point  to  point  down  the 
shaft;  or  it  may  be  found  by  bringing  the  wire  up  over  a  pulley, 
under  constant  tension,  and  measuring  it  with  a  tape  as  it  is 
drawn  up. 

With  the  short  base-lines  that  are  necessary  in  most  shafts, 
every  precaution  must  be  taken  to  insure  good  results.  With 
a  lo-foot  base-line  an  error  of  0.006  foot,  or  less  than  one  six- 
teenth of  an  inch,  if  at  right  angles  to  the  line,  would  mean  an 
error  in  azimuth  of  2  feet.  This,  in  a  distance  of  i  mile,  would 
throw  the  position  of  a  point  about  3  feet  out  of  place.  On  the 
other  hand,  a  case  is  mentioned  in  the  Trans.  Am.  Inst.  Min. 
Eng.,  where  shafts  200  feet  deep,  but  so  twisted  as  to  give 
base  fines  6  to  18  inches  long,  were  plumbed  and  connections 
made.  The  connections  were,  however,  in  no  case  far  from  the 
bottom  of  the  shaft. 

316.  When  it  is  Necessary  to  Carry  a  Meridian  Down 
a  Shallow  but  Steeply  Inclined  Working^  and  an  Instru- 
ment with  an  Auxiliary  Telescope  is  not  Available.  This 
can  be  done  by  stretching  a  wire  down  the  incline  and  by  sus- 
pending one  or  two  plumb-bobs  near  the  top  and  bottom  of  the 
incline,  thus  enabling  the  transit  to  be  lined  in  both  above  and 
below  and  the  meridian  transferred.  When  it  is  inconvenient 
to  hang  the  plumb-bobs  on  the  wire,  they  may  be  hung  tangent 
to  it. 
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317*  By  Alignment  of  a  Wire  from  the  Surface.  If  the 
bottom  of  the  shaft  or  incline  is  not  too  fax  away,  the  method 
used  in  the  Severn  tunnel  may  be  employed.  A  wire  is  stretched 
100  feet  or  more  into  the  drift  at  the  bottom,  the  ends  passing 
over  screws  with  which  the  wire  may  be  accurately  aligned  by 
the  transit,  for  the  few  feet  visible  from  the  top  of  the  shaft.  This 
is  quite  an  accurate  method,  where  applicable,  if  a  heavy  transit 
with  a  large  telescope  is  used. 

The  work  of  carrying  the  meridian  into  the  mine  should, 
in  very  important  cases,  be  gone  through  with,  independently, 
at  least  twice,  besides  using  every  precaution  and  check  in  meas- 
uring the  angles  and  distances  in  each  case. 

This  part  of  the  survey  is  generally  the  most  expensive  for 
the  mine,  as  it  stops  work  in  the  shaft.  It  also  generally  pre- 
sents more  diflSculties  and  requires  more  judgment  on  the  part 
of  the  engineer  than  any  other  part  of  the  survey. 

318.  Underground  Traversing.  This  is  ordinarily  carried 
on  much  the  same  as  on  the  surface,  with  the  exception  of  a 
number  of  details  due  to  darkness  and  other  conditions  peculiar 
to  tmderground  work.  The  measurements  are  usually  made  on 
the  horizontal  in  running  out  an  ordinary  level  or  entry.  If 
for  any  reason  the  elevations  of  the  stations  are  required  with  a 
fair  degree  of  accuracy,  it  will  be  necessary  to  read  the  vertical 
angles  and  the  height  of  instrument  at  each  station.  For  very 
exact  work,  as  in  nmning  out  grades,  a  levelling  rod  should  be 
used. 

The  H.  I.  is  generally  recorded  positive  when  the  instrument 
is  above  the  station,  and  negative  when  it  is  below.  The  neces- 
sity for  taking  the  H.  I.'s  can  be  avoided  by  measuring  the  dis- 
tances and  vertical  angles  both  ways  from  the  alternate  stations 
occupied.  This  method  carries  the  elevation  forward  and  gives 
the  elevation  of  stations  measured  to. 

The  three-tripod  method  of  traversing  underground  makes 
use  of  two  target  lamps  mounted  on  an  axis  similar  to  the  one 
on  the  transit,  so  that  the  cross  of  the  target  is  the  same  distance 
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above  the  levelling  head  as  the  cross  wires  of  the  transit.  This 
involves  the  use  of  the  short-axis  transit,  so  that  it  can  be  lifted 
off  above  the  levelling  head  and  be  exchanged  with  the  lamp 
target. 

The  instrument  being  set  up  over  any  station,  one  tripod 
with,  lamp  is  set  up  over  the  back-sight  station,  and  the  other 
over  the  forward  station.  The  sights  are  now  taken  to  the 
target  lamps,  and  the  measurement  made  from  the  horizontal 
axis  of  the  instrument  to  the  centre  of  the  target.  The  vertical 
angle  is  read  and  the  H.  I.  measured.  Now  the  instrument- 
head  is  lifted  out  of  its  socket  and  carried  to  the  forward  station, 
replacing  the  target  lamp  at  that  point,  the  target  lamp  being 
taken  back  to  the  former  instrument  station.  The  rear  target 
and  tripod  is  next  moved  up  to  the  forward  station,  and  the  work 
proceeds.  The  three-tripod  method,  it  is  claimed,  is  expeditious 
and  accurate;  its  disadvantages  are  the  extra  cost  of  apparatus 
and  the  diffculty  of  carrying  so  much  around.  It  would  seem 
to  be  adapted  to  the  needs  of  a  surveyor  who  had  a  large  mine 
to  look  after,  and  where  all  the  workings  were  horizontal  or  not 
steep  enough  to  require  ladders.  These  conditions  are  more 
often  present  in  coal  mines  than  in  metal  mines. 

On  p.  429  is  shown  a  good  arrangement  for  the  notes  of  an 
underground  traverse  and  connection  to  the  surface.  Traverses 
are  usually  run  through  all  the  main  workings  of  the  mine. 
Starting  at  each  level  from  the  meridian  previously  brought 
in,  as  many  permanent  stations  and  bench  marks  are  established 
as  may  seem  desirable.  The  position  of  these  stations  should 
be  noted,  and  also  any  irregularities  in  the  drift  to  enable  it  to 
be  platted  correctly.  For  very  careful  work,  offsets  from  the 
traverse  lines  are  taken  at  short  intervals.  In  some  cases  it  is 
necessary  to  set  reference  points  near  the  stations  so  that  these 
can  be  replaced  if  destroyed. 

Where  winzes  or  manways  extend  from  one  level  to  another, 
it  is  a  good  plan,  when  convenient,  to  run  connections  through 
them,  as  a  check  on  the  work  if  for  no  other  purpose.    The  work 
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when  completed  gives  data  for  a  general  map  of  the  mine,  but 
supplies  no  detailed  information  in  regard  to  the  stopes.  When 
the  latter  is  necessary  a  line  can  be  run  into  the  stopes  from  the 
most  convenient  reference  station.  Stope  work  consists  generally 
in  determining  approximately  the  amount  of  ground  broken 
and  the  extent  of  the  workings;  therefore  if  one  or  two  points 
in  the  stope  have  been  connected  with  a  permanent  station  the 
rest  of  the  measurements  may  often  be  taken  with  the  tape  without 
reading  angles. 

For  such  surveying  work  or  for  any  approximate  work,  espe- 
cially in  confined  spaces,  the  German  swinging  compass  and 
clinometer  is  very  good.  It  is  hung  on  a  cord  or  wire  stretched 
from  one  station  to  another.  The  cord  corresponds  to  the  line 
of  sight  between  stations,  as  its  direction  and  angle  of  elevation 
or  depression  is  read  directly  by  compass  and  clinometer.  One 
of  the  chief  advantages  of  this  method  is  the  ease  with  which 
co-ordinates  can  be  measured  directly  from  the  cord,  at  any 
point,  to  the  walls  or  boundaries  of  the  confined  space.  The 
hand  compass  and  clinometer  is  much  used  in  measuring  up 
stopes,  and  is  often  sufficiently  accurate  for  use  in  the  examina- 
tion of  mine  and  ore  bodies  by  an  engineer  making  a  preliminary 
report. 

319.  Underground  Levelling.  For  underground  levelling  the 
ordinary  wye  level  is  used.  It  should  be  provided  with  a  hea\y 
adjustable  tripod  in  addition  to  the  ordinary  one.  In  case  a 
level  is  not  available  the  transit  can  be  used  unless  extreme 
accuracy  is  wanted.  A  convenient  rod  is  one  5  feet  long  and 
capable  of  being  extended  to  9  feet.  The  rod  can  be  read  by 
target  directly  when  visible,  otherwise  a  small  steel  rod  like  a 
knitting  needle  may  be  soldered  on  to  the  target  at  the  zero  line 
so  as  to  project  2  or  3  inches,  then  a  paper  and  light  held 
behind  it  properly  will  enable  the  target  to  be  set.  Considerable 
care  should  be  used  in  underground  levelling  where  connections 
are  to  be  made  by  tunnels  or  drifts,  as  for  good  haulage  and 
drainage  it  is  necessary  that  the  grades  ronnect  well. 
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320.  Mapping  the  Survey.  If  the  mine  workings  lie  in 
one  bed,  horizontal  or  nearly  so,  as  in  many  coal  mines,  one 
plan  of  the  workings  may  be  sufficient.  In  ordinary  metal 
mines,  where  the  workings  extend  more  or  less  vertically  down- 
ward, the  survey  is  properly  shown  by  at  least  three  maps:  first, 
the  plan  or  projection  on  a  horizontal  plane;  second,  the  longi- 
tudinal section,  generally  the  projection  on  a  vertical  plane 
coinciding  as  near  as  may  be  with  the  general  direction  of  the 
levels;  third,  the  transverse  section  or  projection  on  a  vertical 
plane  at  right  angles  to  the  longitudinal  one.  (See  Plate  IV.) 
In  addition  to  these  three  maps  it  may  be  desirable  to  make , 
true  sections  as  special  points,  and  sometimes  a  separate  map 
of  the  surface  survey  is  made,  although  this  is  usually  combined 
with  the  plan.  The  maps  should  have  a  title  giving  the  name 
of  the  mine  and  location  by  mining  district,  county,  and  State; 
also  there  should  appear  the  name  of  the  surveyor,  date  of  survey, 
meridian  used,  and  scale.  The  map  should  be  on  cloth-backed 
paper  or  tracing  cloth,  and  may  show  on  the  plan  the  position, 
number,  and  elevation  of  the  permanent  stations  with  the  bearing 
and  length  of  the  lines  joining  them,  or  the  co-ordinates  of  the 
stations,  according  to  the  system  used.  The  advisability  of 
showing  these  data  on  the  map  depends  on  the  use  that  is  to  be 
made  of  them  and  must  be  decided  according  to  the  nature  of 
the  case. 

It  is  often  a  good  plan  when  the  different  levels  of  the  mine 
are  in  nearly  the  same  vertical  plane  to  plat  them  in  with  inks 
of  different  colors,  in  order  to  prevent  confusion.  (See  Plate  IV.) 
There  is  an  objection  to  this  when  blue  prints  are  to  be  made, 
that  the  colored  inks  do  not  print  well.  The  number  and  arrange- 
ment of  the  maps  vary  greatly  among  the  different  surveyors 
even  when  the  same  conditions  are  to  be  fulfilled.  A  very  con- 
venient way  of  making  the  maps  is  to  have  a  main  map  on  heavy 
paper  on  which  all  the  workings  are  platted  and  kept  up  to  date; 
a  tracing  is  made,  and  kept  up  with  the  main  map,  from  which 
blue  prints  can  be  taken  as  desired.    The  scale  used  varies  from 
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lo  to  200  feet  per  inch,  depending  on 
the  extent  of  the  workings  and  the  use 
to  which  the  maps  are  to  be  put.  A 
very  common  scale  for  working  maps 
of  the  metal  mines  in  Colorado  is  20 
feet  to  I  inch.  Such  a  map  should 
be  accurately  drawn,  the  angles  being 
laid  off  by  means  of  a  large  metal 
protractor  or  by  latitudes  and  depart- 
ures, natural  tangents,  chords,  etc.  It 
can  then  be  used  as  an  exact  check  on 
all  work  and  calculations;  the  dis- 
tances scaled  off  will  be  close  enough 
for  running  air  connections  and  for  use 
in  problems  of  similar  importance. 

Where  the  workings  are  very  ex- 
tensive the  use  of  co-ordinates  in  plat- 
ting and  in  keeping  the  records  may  be 
advisable.  In  such  a  case  the  sim- 
plicity and  regularity  of  the  method 
gives  it  a  great  advantage.  It  also 
allows  of  using  the  formulas  of  analytic 
geometry  in  the  solution  of  problems. 

The  co-ordinate  method  is  used  in 
the  big  mines  of  South  Africa,  not 
only  on  account  of  the  advantages 
mentioned,  but  also  because  the  maps 
that  must  be  filed  with  the  officials 
at  stated  intervals  are  required  to  be 
platted  in  this  way,  each  point  being 
given  by  its  x  and  y  co-ordinates  in 
metres.  The  reduction  of  the  notes 
should  be  in  a  book  kept  for  that 
purpose  and  may  be  arranged  some- 
what as  shown  in  this  Article. 
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To  explain  the  method  of  constructing  the  maps,  let  AB,  Fig. 
171,  be  any  course  whose  length,  azimuth,  and  angle  of  depression 
are  known.  For  the  plan  multiply  the  length  AB  by  the  cosine 
of  the  vertical  angle  which  projects  it  into  the  length  OB  in  the 
figure.  Suppose  the  plane  of  the  longitudinal  section  has  the 
direction  OL,  making  a  known  angle  with  the  meridian.  Change 
the  bearing  of  the  course  so  as  to  refer  to  QL  as  a  meridian. 
Now  the  latitude!  of  AL,  the  coiu^e  as  it  appears  in  the  longitudinal 
section,  will  be  AO,  the  difference  in  elevation  between  A  and  B, 
and  the  departure  ^  OL,  the  pro- 
jection of  OB  upon  the  assumed 
plane.  In  the  same  way  it  is  evi- 
dent that  AT  is  the  course  as  it 
appears  in  the  transverse  section, 
and  that  it  is  given  by  its  pro- 
jections AOy  the  difference  in 
elevation  of  the  two  stations,  and 
OT,  the  projection  of  OB  upon 
the  assumed  plane.  The  student 
could  readily  compute  these 
values  from  the  given  data. 

321.  The  Problems  of  Un- 
derground Surveying.  To 
make  a  connection,  i.e.,  to  find 
the  bearing   of    a    line    joining 

two  given  points  and  the  horizontal  distance  and  difference 
in  elevation  between  them.  This  is  one  of  the  most  important 
problems,  as  it  includes  all  cases  where  connections  are  to  be 
made  from  one  part  of  the  mine  to  another  by  sinking  shafts 
or  driving  cross-cuts,  winzes,  etc^,  along  the  course  figured,  and 
it  requires  more  accuracy  than  is  necessary  for  mapping  or  similar 
purposes.  This  problem  can  always  be  solved  directly  whenever 
it  is  possible  to  run  a  traverse  from  one  given  point  to  the  other, 

'  This  is  a  new  use  of  these  terms,  since  formerly  they  have  always  referred  io 
a  horizontal  plane,  not  a  vertical  plane. 
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no  matter  how  devious  or  roundabout  the  route  taken.    For  on 
reducing  the  traverse  lines  and  calculating  the  lost  line  the  bearing 
and  horizontal  projection  of  the  required  line  are  known,  while  the 
difference  in  elevation  of  the  two  known  points  gives  the  other 
projection,  and  consequently  the  grade  between  the  points.     If 
this  principle  is  understood,  the  surveyor  can  turn  attention  to 
the  real  difficulties — the  liability  to  error  brought  about  by  the 
necessity  for  short  and  steep  sights,  thQ  interference  of  water, 
bad  air,  steam,  the  lack*  of  light,  and  the  cramped  places.    The 
young  surveyor  is  advised  in  such  a  case  to  pick  out  the  most 
unreliable  sights,  assume  a  probable  error,  and  figure  out  what 
diflFerence  it  would  make  in  the  connection.    If  not  an  allow- 
able error,  the  survey  should  be  gone  over  with  more  care  if 
possible,  and  in  any  event  getting  average  values  that  should 
be  nearer  the  truth. 

Too  much  stress  cannot  be  laid  on  the  importance  of  the 
care  to  be  exercised  in  running  connections,  as  there  is  nothing 
the  mining  surveyor's  reputation  depends  on  more  directly  than 
his  uniform  success  in  this  matter.  In  fact,  a  failure  in  such  a 
case  may  involve  a  large  loss  to  his  employer,  or  if  he  has  guar- 
anteed the  work  the  cost  comes  out  of  his  own  pocket.  On  the 
other  hand  an  error  in  many  cases  cannot  be  remedied,  but 
results  in  a  permanent  injury  to  the  mine. 

322.  Example :  Showing  the  Method  of  Making  an  Under- 
ground Connection.  It  is  required  to  give  points  in  cross-cut 
on  second  level  to  start  a  vertical  upraise  to  connect  with  shaft 
at  first  level.  The  method  is  as  follows:  Set  up  in  the  cross-cut 
on  the  first  level  and  carefully  tie  in  two  comers  of  the  shaft 
and  run  to  station  (2)  in  the  level,  thence  to  station  (3)  at  the 
top  of  the  winze,  then  down  the  winze  and  along  the  second  level 
to  the  cross-cut,  and  thence  to  the  breast  of  cross-cut.  Per- 
manent points  are  put  in  here:  station  (7)  near  the  breast,  and 
station  (6)  further  back.  These  points  will  serve  to  orient  by, 
for  the  latter  work.  Plat  the  data  thus  obtained  and  find  how 
much  further  the  cross-cut  should  be  run  and  where  the  station 
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is  to  be  cut.  Calculate  a  traverse  from  one  comer  of  the  shaft 
to  station  (7),  and  the  bearing  and  length  of  one  side  of  the  shaft. 
When  the  station  has  been  cut  out  set  a  point  for  one  comer 
of  the  shaft  from  station  (7);  as  figured  then  from  this  comer 
the  points  for  the  other  comers 
of  the  shaft  may  be  set.  A  satis- 
factory way  of  establishing  these 
comers  is  to  set  wooden  plugs 
in  holes  in  the  rock  below,  with 
nails  to  mark  the  exact  points. 
Plumb-lines  can  be  suspended 
over  these  nails  and  the  upraise 
thus  kept  in  line.  It  should  be 
distinctly  stated  whether  the 
points  given  are  inside  or  out- 
side the  timbere.  Generally  it  is 
best  to  put  them  inside  the  tim- 
bers and  let  the  miners  cut  out 
as  much  more  as  necessary. 

The  difference  in  elevation  be- 
tween the  top  of  the  station  at 
the  end  of  the  cross-cut  and  the 
bottom  of  the  shaft  will  be  the 
length  of  the  upraise.  Great 
care  must  be  taken  in  this  work 
if  the  shaft  is  to  be  timbered 
up.  Timbering  both  ways  in  a 
shaft  is  to  be  avoided  if  possi- 
ble, because  an  error  of  2  or  3 
inches  at  the  point  of  meeting  is 
bad,  whereas  if  not  timbered 
until  connection  is  made,  that  error  would  not  be  material  on 
account  of  the  leeway  that  must  be  allowed  for  the  timbers. 

In  case  it  is  required  to  run  a  drift  in  a  certain  direction  for 
a  connection,  two  plugs  on  the  line  will  be  a  good  guide  for  the 
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miners.     If  plumb-lines  are  hung  on  these  plugs,  the  line  may  be 
followed  fairly  well. 

323.  To  Establish  Property  Lines  Underground.  This 
problem  is  probably  of  more  frequent  occurrence  than  any 
other,  and  is  also  very  important.  In  many  cases  the  boundary 
line  passes  through  a  rich  ore  shoot,  and  the  necessity  for  care 
in  establishing  it  may  be  readily  seen.  It  is  not  uncommon  for 
such  a  line  to  be  determined  underground  by  a  joint  sur\'ey  con- 
ducted by  the  surveyors  of  the  adjoining  properties.  The  follow- 
ing example,  Fig.  173,  will  ser\^e 
to  illustrate  the  method  of  solu- 
tion. 

It  is  required  to  establish  un- 
derground the  line  joining  Cor. 
No.  I  with  Cor.  No.  2.  This 
may  be  done  as  follows:  Deter- 
mine the  course  of  the  line  and 
run  from  the  comer  or  some 
convenient  point  on  the  line  to 
the  shaftj  thence  down  to  the 
level  by  the  most  convenient 
method,  in  this  example  by  plumb- 
lines.  From  the  station  at  the 
bottom  of  the  shaft  run  out  the 
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Fig.  17^.  drift   to   station    105,  and  from' 

this  station  take  the  bearing  of 
the  drift  toward  the  line.  Now  calculate  from  the  traverse  a 
direct  course  from  Cor.  No.  i  to  station  105.  Having  calculated 
the  length  and  bearing  of  this  line,  and  observed  the  bearing 
of  the  boundary  line  and  of  the  drift,  solve  a  triangle  which 
will  give  the  distance  from  station  105  to  the  boundary 
line.  If  it  is  desired  to  have  the  exact  point  marked,  a 
plug  may  be  put  in  on  line.  Sometimes  the  line  cuts  diago- 
nally across  the  drift, .  or  in  any  case  where  there  is  room 
enough  it  may  be  desirable   to  set   up  over  the  station  on  line 
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and  place  two  plugs  or  marks  on  the  boimdary  line,  one  in 
each  wall. 

324.  To  Find  the  Bearing  and  Length  of  a  Line  to 
Intersect  a  Vein  of  Known  Dip  and  Strike.  This  includes 
problems  involving  the  consideration  of  the  vein  as  a  plane  with 
a  known  dip  and  strike.  This  class  of  problems  can  generally 
be  solved  only  for  approximate  results,  because  it  is  very  rarely 
that  a  vein  is  a  true  plane,  as,  even  when  not  faulted,  the  vari- 
ations from  a  constant  dip  and  strike  may  be  considerable.  It 
can  only  be  said  in  such  cases  that  if  the  vein  continues  on  a 
constant  strike  and  dip  it  will  be  intersected  at  a  certain  point. 


Fm.  174. 

Although  this  uncertainty  exists,  it  is  nevertheless  most  important 
to  know  at  what  point  to  expect  the  vein. 

As  an  example,  let  it  be  requu^d  to  find  the  dbtance  that 
the  tunnel  (i)  to  (2),  Fig.  174,  must  be  run  to  intersect  the  vein 
(3)-(4)-6-c,  there  being  an  incline  at  (3)  and  an  outcrop  of  the  vein. 

Set  up  at  station  (i)  and  sight  to  (2};  this  determines  the 
bearing  required.  Rim  a  traverse  to  station  (3)  at  the  incline 
and  find  the  dip  and  strike  '  of  the  vein,  then  calculate  the  closing 
line  from  (i)  to  (3)  and  solve  a  triangle  for  the  horizontal  dis- 

'  See  definitions  al  end  uf  this  chapter. 
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tance  from  (3)  to  (4),  i.e.,  a  to  5,  this  latter  being  the  point  where 
a  vertical  plane  through  the  tunnel  cuts  the  outcrop  or  strike  of 
the  vein,  on  the  surface,  and  from  (i)  to  (4).  If  the  point  (4) 
is  found  on  the  ground  and  the  difference  in  elevation  between 
it  and  station  (i)  determined,  the  required  length  is  calculated 
as  follows:  Assume  the  tunnel  is  horizontal,  then  the  distances 
a  to  (4)  and  a  to  (i)  are  known,  (4)-a  being  a  vertical  line.  A 
plane  passed  through  a- (4)  and  perpendicular  to  the  plane  of 
the  vein  intersects  it  in  the  line  ^-(4),  and  intersects  the  hori- 
zontal plane  through  the  tunnel  in  ab.  Having  (i-(4),  solve  a 
right  triangle  for  ab,  the  acute  angle  being  90® — the  dip;  then 
solve  the  right  triangle  abc  for  ac,  the  acute  angle  ^,  being;  the 

angle  between  directions  of  strike  and  tunnel;  then  ac-^a(2)  is 
the  distance  the  timnel  is  to  be  driven.  If  it  is  driven  to  grade, 
it  can  easily  be  figured  what  difference  in  length  would  result. 
When  it  is  required  to  drive  a  tunnel  at  right  angles  to  the  strike 
of  the  vein,  i.e.,  to  run  the  shortest  tunnel  from  a  given  point  to 
intersect  a  given  vein,  the  above  solution  becomes  much 
simpler. 

325.  Surface  Surveys.  It  is  always  necessary,  or  at  least 
desirable,  to  verify  and  tie  in  the  monuments  that  mark  the 
boundaries  of  the  mining  property,  and  to  establish  the  true 
meridian  very  carefully,  at  a  point  convenient  for  connection 
with  the  underground  sur\'eys.  If  expensive  plants  are  to  be 
erected,  it  may  be  advisable  to  make  a  topographical  survey 
with  transit  and  stadia  for  the  purpose  of  locating  shafts, 
buildings,  dumps,  streams,  etc.,  together  with  the  contour  lines 
and  any  important  geological  features. 

Sometimes  the  traverses  of  underground  surveys  must  be 
duplicated  on  the  surface  to  find  the  exact  relation  of  under- 
ground work  to  the  surface.  This  is  in  case  a  topographical 
sur\'ey  has  not  been  made,  or  when  exactness  is  required. 

326.  Court  Maps.  This  name  is  one  given  to  maps  that  are 
.to  be  used  as  evidence  in  court  in  a  mining  lawsuit.  WTien  the 
maps  are  used  in  this  way  the  suneyor  is  generally  called  upon 


METHODS  OP  PLANE  SURVEYING  439 

to  verify  the  map  in  court.  Court  maps  may  be  classified  accord- 
ing to  issues  involved. 

FirsL  When  the  case  is  to  determine  the  ownership  of  ground, 
as  in  an  adverse  suit,  the  map  usually  shows  the  surface  ground  of 
the  claim  in  dispute,  the  position  of  workings,  and  any  point  that 
may  have  a  bearing  on  the  case,  but  ordinarily  there  is  no  need 
of  showing  the  undergroimd  workings.  These  maps  should  be 
accurately  made  and  drawn  to  a  fairly  large  scale,  and  the  desired 
s{)ecial  points  should  be  distinctly  brought  out  so  as  to  be  clearly 
imderstood  by  a  jiuy. 

Second.  When  the  suit  is  to  determine  the  ownership  of 
veins,  etc.,  as  in  the  endless  variety  of  apex  suits  of  which  the 
mining  laws  of  the  United  States  are  so  fruitful  a  cause.  In 
this  case  it  is  necessary  to  show  the  boundary  lines  and  all  the 
underground  workings  that  have  any  bearing  on  the  question 
at  issue.  It  is  often  necessary  to  construct  a  number  of  cross- 
sections  to  show  the  continuity  of  the  vein  or  the  reverse.  In 
this  class  of  work,  especially  in  important  cases,  large  sums  of 
money  are  spent  on  the  surveying  and  mapping  of  the  prop- 
erties. No  exact  rule  can  be  laid  down  for  this  kind  of  work, 
as  the  conditions  vary  so  widely,  but  the  surveyor  should  in  all 
cases  study  thoroughly  the  problem  in  hand  so  that  the  maps 
may  be  made  to  show  clearly  the  matters  in  dispute. 

327.  Surveying  Boreholes.  The  location  of  ore  bodies  is 
frequently  made  by  drilling.  The  two  most  common  drills  are 
the  chum  and  the  diamond  drill.  The  latter  has  the  advantage 
of  removing  a  core,  but  it  is  very  rare  that  such  a  hore  hole  is 
straight.  The  trend  of  such  holes  have  been  successfully  traced 
by  the  use  of  a  solution  of  gelatin  contained  in  a  small  vessel 
with  a  compass  needle  and  a  plumb-bob  and  of  a  shape  which 
allows  its  alignment  with  any  part  of  the  hole  in  which  it  may 
be  placed. 

"  Another  mstrument  takes  a  photographic  record  of  the 
position  of  the  compass  needle  and  plumb-bob,  after  the  lapse 
of  such  an  interval  of  time  as  is  necessary  to  place  the  instru- 
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ment  in  a  proper  position  and  allow  the  needle  and  plumb-bob 
to  come  to  rest.  The  position  of  points  in  any  plant  stratum, 
as  found   by  three  boreholes,  determines  it.     If,  however,  the 


PLAN 


Fig.  175. 


angle  at  which  a  borehole  cuts  this  stratum  is  known,  only  two 
boreholes  are  necessary,  and  if  the  strike  and  dip  of  the  stratum 
are  known,  one  borehole  is  sufficient  to  determine  it." 
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Many  of  the  problems  connected  with  boreholes  can  be 
worked  most  easily  by  applying  the  principles  of  descriptive 
geometry.  The  following  is  one  example  of  the  many  cases 
arising. 

328.  To  Determine  the  Dip  and  Strike  of  a  Vein  from  a 
Point  of  Outcrop  and  Two  Vertical  Drill  Holes.^  In  Fig.  1.75 
let  i4  be  the  outcrop  and  BC  the  two  drill  holes  of  depths  m  and  «, 
respectively.  The  sur\'ey  of  the  triangle  ahc  is  first  made.  Then 
conceive  a  horizontal  line  to  be  passed  through  the  bottom  of 
the  shallower  hole  and  in  the  plane  of  the  vein.  BD  is  such  a 
line  and  its  course  is  the  required  strike.    This  is  found  as  follows: 

ad    tn  7    ^ 

—  =  — .        ad=—aCy 
ac     n  n 

a  value  readily  found.     Now  solve  a  three-course  traverse  ba, 

ad^  bdj  and  obtain  the  closing  side  bd.    The  bearing  qbd  is  the 

strike  of  the  vein. 

The  line  q,  the  dip,  is  drawn  at  right  angles  to  the  strike.    The 

length  of  its  horizontal  projection  acy  is  equal  to  ab  sin  abd.    The 

.  b  b 

dip  is  then  the  tan    ^  —  =  -. — -, — —, 

ae     ab- sin  aba 


DEFINITION  OF  MINING  TERMS 

Adit.  A  horizontal  drift  or  passage  underground  opening  from  the  surface. 
Usually  used  for  drainage  and  ventilation. 

Apex.  The  top  of  a  vein,  usually  where  it  outcrops  on  the  surface. 

Bed.  A  stratum  in  the  earth's  cnist  which  has  been  formed  in  an  approxi- 
mately horizontal  layer. 

Cross-cut,  A  passage  or  tunnel  driven  across  the  course  of  the  vein. 

Compartment,  One  of  the  smaller  passageways  of  a  large  shaft  divided  by 
timber  partitions. 


*  Furnished  by  Professor  A.  J.  Noskin  of  Golden  (Colorado)  School  of  Mines. 
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Connection.  A  passageway  which  is  driven  from  one  accessible  pari  of  a  mine 

to  another. 
Dip.  The  angle  of  the  plane  of  the  vein  makes  with  the  horizontal. 
Drift.  An  underground  passage  driven  along  the  vein  or  parallel  to  the  strike. 
Heading.  Any  preliminary  passageway  driven  to  explore  the  mine  or   to 

facilitate  its  future  workings. 
Incline.  Applied  to  a  passage  having  a  more  or  less  fixed  inclination  from  the 

horizontal;  a  slope. 
Level.  One  of  a  number  of  horizontal  passages  along,  or  parallel  to,  the 

deposit,  and  placed  at  more  or  less  fixed  inter\'als,  generally  loo  ft.,  for 

the  systematic  working  of  the  mine. 
Manhole.     A  small  passage  from  a  level  into  stopes  or  to  the  next   level 

above. 
Mill-hole.    A  passage  left  from  slope  to  level  for  dropping  down  ore  or 

rock. 
Outcrop.  That  portion  of  the  vein  intersecting  the  surface. 
Pitch.  The  direction  in  azimuth  and  altitude  of  the  longest  axis  of  an  ore  body. 
Shaft.  A  hole  sunk  more  or  less  vertically  downward. 
Slope.  The  workings  above  or  below  the  levels  where  the  mass  of  the  ore-body 

is  broken. 
Strike.  The  direction  taken  by  the  intersection  of  the  vein  with  a  horizontal 

plane. 
Stulls.  Cross-timbers  between  the  walls  of  the  excavation. 
Sump.  An  opening  at  l)ottom  of  shaft  or  at  any  level  for  the  collection  of  water. 
Tunnel.  A  horizontal  passage  from  the  surface;   properly  speaking  it  should 

be  open  at  both  ends,  but  it  is  not  always  so  used  in  mining. 
Upraise.  A  shaft  excavated  upwards  from  below. 
Vein  (also  called  lode,  ledge,  lead).  A  mineral  body  of  a  flattened  shape. 
Wall.  The  rock  on  each  side  of  the  mineral  body.    The  upper  wall  is  called 

the  "hanging  wall,"  and  the  lower  the  "foot  wall." 
Winze.  A  shaft  sunk  from  a  level. 


EXERCISES 

1.  A  borehole  cuts  a  6-foot  core  from  a  vein  whose  strike  is  N.  65®.  E.  and 
whose  dip  is  50®  to  the  northwest.  The  borehole  bears  N.  30®  E.  and  dips  75*^. 
Required  the  true  thickness  of  the  vein. 

2.  A  horizontal  tunnel  cuts  a  vein  at  1000  feet  from  the  portal.  The  vein 
strikes  N.  45°  W.  and  dips  70°  to  the  southwest.  The  tunnel  is  driven  N.  30®  E. 
What  will  be  the  distance  (horizontal)  at  which  a  tunnel,  on  a  2%  grade,  driven 
from  the  same  point  and  N.  5®  10'  W.,  will  cut  the  same  vein  ? 
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3.  The  following  traverse  is  the  result  of  the  survey  of  a  shaft  and  tunnel: 


Station. 

H.I. 

V.  A.- 

Course. 

M.  D. 

F.  S. 

I 

2 

3 
4 

2-9 
3.4 
3.8 
3.2 

-72- 
-68 

-  3 

-  2    55' 

N.  23°  E. 
N.  28    E. 
N.  38    W. 
S.   72    W. 

176.0 
^       104.6 

99-2 
98.0 

2 

3 
4 

5 

Station  i  is  at  the  collar  of  the  shaft;  station  5  at  the  portal  of  the  tunnel. 
Required  the  course  5  to  i,  the  horizontal  and  vertical  distances  5  to  i.  Where 
necessary  a  top  telescoi)e  mounted  0.3  feet  above  the  main  telescope  was  used. 

4.  From  i4,  B  bears  N.  25°  10'  E.  1500  feet;  from  A,  C  bears  S.  65°  E.  1200 
feet.  At  ^  a  vertical  borehole  cuts  a  vein  at  290.1  feet;  at  B  an  inclined  bore- 
hole bears  N.  87®  15'  E.,  dips  77°  and  cuts  the  vein  at  515  feet;  at  C  a  vertical 
hole  cuts  the  vein  at  375  feet.  Elevation  of  /I,  9801.4  feet;  B,  9641.0  feet; 
C,  9910  feet.     Required,  the  strike  and  dip  of  the  vein. 

5.  From  a  monument  at  the  mouth  of  a  tunnel  a  line  is  run  in  the  tunnel, 
azimuth  38°  44',  slope  distance  424  feet,  vertical  angle  +  2°  20';  thence  azimuth 
65°  32',  slope  distance  288.5  ^c^^*  vertical  angle  -1-2°  28'  to  brea.st.  From  the 
same  monument  a  line  is  run  on  the  surface,  azimuth  97°  43',  slope  distance  317.5 
feet,  vertical  angle'  —3°  32';  thence  azimuth  38°  42',  slope  distance  647  feet, 
vertical  angle  + 13°  13'  to  the  centre  of  a  vertical  shaft.  How  deep  must  the 
shaft  be  to  meet  a  connecting  drift  run  on  a  grade  of  -1-2.1%  from  the  breast  of 
tunnel,  and  what  is  the  slope  lengtn  and  azimuth  of  this  drift  ? 

6.  The  strike  of  a  certain  vein  at  point  of  outcrop  is  N.  44°  E.  and  the  dip  is 
73°  40',  pitch  S.E.  From  this  point  of  outcrop  a  surface  line  is  run,  N.  85°  35'  E., 
slope  distance  235  feet,  vertical  angle  —11°  34';  thence  S.  3°  44'  E.,  slope  dis- 
tance 205.5,  vertical  angle  —13°  34'  to  a  point  from  which  the  tunnel  is  to  be 
driven  in  the  direction  N.  70°  W.,  and  with  a  grade  of  +3.5%  until  it  intersects 
the  vein,  (a)  What  would  be  the  slope  length  of  such  a  tunnel  ?  ih)  What  would 
be  t^ie  slope  length  and  bearing  of  the  shortest  possible  tunnel  run  on  a  -I- 1.3% 
grade  to  intersect  the  vein? 

7.  A  vein  has  a  strike  of  S.  66°  W.  and  its  dip  is  54°.  What  is  the  azimuth 
of  an  incline  on  the  vein  having  a  slope  of  43°  ? 

8.  From  the  bottom  of  vertical  shaft  No.  i  a  horizontal  traverse  was  run  in 
the  mine  to  the  bottom  of  vertical  shaft  No.  2,  as  follows:  Assumed  azimuth  0°, 
distance  243  feet;  thence  azimuth  340°,  distance  120  feet;  thence  southeasterly 
a  distance  of  470  feet  along  a  vein  which  shows  a  strike  of  60°  (azimuth)  and  a 
dip  of  35°;  thence  azimuth  52°,  distance  25  feet  to  the  centre  of  shaft  No.  2. 
From  a  point  vertically  above  the  last  point  a  line  is  run  on  the  surface  with  true 
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azimuth  ii6°  20',  distance  411  feet  (horizontal)  to  a  point  A  from  which  the 
centre  of  shaft  No.  i  is  sighted  at  azimuth  71°  30'.  (a)  How  much  deeper  will 
shaft  No.  2  have  to  be  sunk  to  reach  the  vein?  (6)  What  is  the  true  strike  of 
the  vein? 
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CHAPTER  Xir 

CITY   SURVEYING 

329.  Land  Survejring  Methods  Inadequate  for  City  Work. 
The  methods  described  in  the  chapter  on  Land  Surveying  are 
inadequate  for  the  needs  of  city  surveying.  This  is  due  to  two 
principal  reasons:  First,  land  in  cities  may  be  more  than  a 
million  times  as  valuable  as  on  a  farm;  and,  second,  while  farm 
buildings  are  generally  placed  far  within  the  farm  boundaries, 
the  owner  of  a  city  lot  is  generally  compelled  to  cover  his  entire 
lot  with  his  building,  in  fact,  the  entire  block  may  be  so  built  up. 

An  error  of  a  foot  or  so  in  locating  the  farm  boundary  could 
cause  no  particular  hardship,  while  a  fraction  of  such  an  error 
in  locating  the  boundaries  of  a  city  lot  might  involve  a  money 
loss  greater  than  the  entire  value  of  the  farm.  City  surveying 
differs  from  land  surveying  also  because  of  the  greater  variety 
and  diflSculty  of  its  problems.  Some  of  the  most  important  of 
the  surve)dng  problems  will  be  treated  in  the  present  chapter. 
For  detail  information  regarding  the  engineering  problems  con- 
nected with  sewer,  water  supply,  and  pavement  construction 
the  student  should  consult  the  standard  texts  on  those  sub- 
jects. 

330.  What  a  City  Resurvey  may  Include*  When  a  new 
building  is  to  be  erected  on  a  lot  in  a  downtown  district,  there 
are  many  matters  which  the  city  surveyor  must  investigate  besides 
that  of  the  correct  location  of  the  lot  boundaries.    This  fact  is 
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emphasized  by  the  following  list  of  questions  ^  which  may  be 
answered  in  the  surveyor's  survey  and  map:^ 

1.  To  what  "datum*'  will  the  surveyor's  plat  refer,  at  a  standard  with  which 
all  levels  are  to  be  compared  ? 

2.  What  is  elevation  of  sidewalk  grade  at  the  building  line,  as  compared  with 
said  "datum"? 

3.  What  is  elevation  of  sidewalk  at  the  curb  as  compared  with  said  "datum  "  ? 

4.  If  the  level  of  sidewalk  varies  along  the  building  lines  or  street  curbs,  state 
what  the  pitch  is,  from  point  to  point,  referred  to  said  "datum." 

5.  Give  location,  size,  depth  of  invert  compared  with  "datum,"  rate  of  fall 
and  direction,  and  all  other  information  available,  regarding  the  sewers  in  both 
streets. 

6.  Same  information  for  water  pipes  as  mentioned  above  for  sewers,  gas  pipes, 
and  electric  conduits. 

7.  Give  any  information  in  your  possession,  or  in  that  of  the  city  or  county 
authorities,  regarding  the  nature  of  the  ground  enclosed  by  this  lot.  There  may 
be  plats  on  file  showing  whether  springs,  brooks,  or  water  courses  of  any  sort 
anciently  ran  over  this  territory. 

8.  Show  dimensions  and  kxation  of  every  wall,  pier,  or  footing  coming  against 
the  boundary  line  of  this  lot,  or  lapping  over  onto  the  neighbor's  k>t8.  It  is  of  great 
importance  that  the  statements  regarding  these  walls  and  piers  be  accurate  and 
complete. 

9.  State  the  height  and  quality  of  each  of  the  buildings  now  on  the  lot. 

10.  Do  the  gas,  water,  and  sewer  pipes  come  through  the  curb  walls  an3rwhere, 
and  if  so,  of  what  sizes  and  where  are  they  ? 

11.  State  the  water  pressure  per  square  inch  at  street  level  in  smallest  main^ 
noting  location  of  said  main. 

12.  Give  established  widths  of  sidewalks  on  both  streets. 

13.  Does  any  basement  run  out  under  the  street,  beyond  curb  wall  line;  if  so, 
where,  how  deep,  how  wide,  how  roofed  over,  and  how  is  earth  retained  ? 

14.  Give  exact  angles,  each  and  every  one  of  them,  at  the  comers  of  this  lot. 
This  is  of  the  utmost  possible  importance. 

15.  Give  the  width  of  streets  and  alley  from  building  to  building. 

16.  Is  there  any  dispute  between  surveyors  regarding  any  important  measure- 
ment or  angle  of  this  lot  ? 

17.  Mark  all  lot  lines  where  practicable,  on  a  building  or  street  curb,  or  side- 
walk, that  will  not  be  disturbed  while  tearing  down  and  rebuilding  on  this  lot. 


*  This  list  is  required  of  Chicago  city  surveyors. 

'  The  tracing  and  four  blue  prints  are  usually  given  the  client  or  the  client's 
architect. 
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1 8.  Note  the  location  and  character  of  masonry  and  footings  on  adjoining  lots, 
which  run  nearly  parallel  with  the  lines  of  this  lot  at  those  places;  only  those 
near  at  hand  are  considered. 

19.  What  curb  walls  are  already  built,  and  what  condition  are  they  in  now? 

20.  Give  depth  of  foundations  of  party  walls,  and  of  foundations  of  present 
buildings  below  "datum." 

21.  Give  street-gutter  grades. 

22.  Give  heights  and  thicknesses  of  party  walls  and  height  of  adjoining  walls. 

It  must  be  obvious  that  the  accurate  answering  of  the  above 
questions  requires  a  most  thoroughgoing  investigation  and 
survey.  In  the  larger  cities  the  collection  of  such  data  is  usually 
in  the  hands  of  a  comparatively  few  old  and  well-established 
surveying  firms.  Indeed,  this  work  involves  such  intimate 
knowledge  of  local  records,  both  public  and  private,  as  to  make 
it  undesirable  for  inexperienced  surveyors  to  attempt  it. 

Instruments  Used 

Because  of  the  necessity  of  greater  accuracy,  the  most  improved 
engineer's  transit  level  and  steel  tape  should  be  used  in  making 
all  city  surveys. 

331.  City  Engineer's  Transit  and  Level.  The  omission 
of  the  compass  needle  makes  possible  the  use  of  the  U-shaped 
standards,  thereby  giving  greater  stability  to  the  instrument. 
The  verniers  usually  read  to  10,  20,  or  30  seconds.  The  10- 
second  instrument  would  be  of  special  value  in  the  triangulation 
of  a  large  city.  Fig.  228,  p.  593,  shows  a  form  of  this  instru- 
ment. Another  type  of  instrument,  shown  in  Fig.  176,  is  now 
frequently  used.  This  form  is  especially  suited  for  turning 
right  angles.  The  upper  telescope  will  transit  in  the  standards, 
while  the  lower  telescope  is  provided  with  both  a  small  spirit 
level  for  ordinary  levelling,  and  also  an  accurate  striding  level  for 
precise  levelling.  The  city  engineer's  transit  should  be  provided 
with  stadia  wires  and  a  vertical  circle  so  it  can  be  used  in  topo- 
graphic surveys.  Experience  has  shown  th^t  with  a  sufficiently 
sensitive  level  vial  a  transit  is  capable  of  running  very  accurate 
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Fic.  176. — Improved  City  Engineer's  Transit 
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levels;  in  fact,  as  accurate  as  is  needed  except  for  the  primary 
bench  levels.  The  self-reading  rod  (see  Fig.  23)  is  most  frequently 
used  in  the  ordinary  profile  and  cross-section  work,  but  a  target 
should  be  provided  for  unusually  long  shots. 

In  the  larger  cities  it  is  desirable  and  usually  possible  to  have 
one  or  more  precise  levels  and  transits  which  can  be  kept  in 
r^erve  for  the  highest  grade  of  work  only,  the  lighter  instruments 
being  used  for  the  less  accurate  routine  work. 

332,  The  Steel  Tape.  The  loo-foot  steel  tape,  graduated  to 
hundredths  of  a  foot  (Fig.  2)  is  nearly  always  used  in  city  work. 
Such  a  tape  should  be  compared  with  the  standard  city  tape 
before  being  used  and  its  correction  noted.  A  field  thermometer, 
spring  scales,  plumb-bobs,  marking  pins,  etc.,  are  also  indis- 
pensable. 

A  great  improvement  over  the  old  form  of  steel  tape  is  the 
newly  de\ised  nickel-steel  alloy,  "invar  tape,"  which  can  now  be 
purchased  at  reasonable  prices.^  These  tapes  have  a  remarkably 
low  coefficient  of  expansion,  only  ^  of  ordinary  steel  tapes,  or 
even  less.  With  tapes  of  so  constant  a  length  all  temperature 
corrections  may  be  neglected  except  on  base-line  work.  For 
example,  if  a  distance  of  2000  feet  were  measured  with  this  tape 
under  a  temperature  of  20°  dififerent  from  that  of  the  standard 
and  the  correction  were  neglected,  the  resulting  error  due  to  tem- 
perature would  be  only  0.008  foot.     See  Art.  421. 

Dty  Land  Surveys 

333.  The  Requirements  of  Original  City  Surveys.  City 
land  surveys  naturally  divide  into  original  surveys  and  resurveys. 
By  original  surveys  are  meant  the  land  surveys  made  to  locate 
the  lot  and  block  monuments  when  the  city  was  originally  platted. 

The  public  is  interested  in  these  surveys,  first,  to  the  end 


*  They  may  be  obtained  ot  J.  Agar  Baugh,  92  Hatton  Gardens,  London,  E.C., 
England. 
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that  the  land  be  laid  out  in  a  way  to  best  serve  both  present  and 
future  public  needs  (see  Arts.  349-351);  and,  second,  to  see  that 
the  locations  are  accurately  made  and  permanently  monumented. 
Legislatures  in  nearly  every  State  have  passed  laws  regulating 
the  manner  of  surveying  and  platting  land.  The  laws  of  Mich- 
igan are  fairly  representative  of  these  laws  and  are  given  in  full 
in  Appendix  H.     They  are  worthy  careful  study. 

The  map  of  an  original  sun^ey  should  conform  closely  to  the 
following  requirements  in  order  that  it  may  be  entitled  for  record 
in  the  register  of  deeds  office:  ^ 

1.  The  length  of  every  side  of  every  lot  and  block. 

2.  An  exact  description  of  all  the  exterior  boundaries  of  the 
entire  tract,  referred  to  United  States  land  subdivisions  if  possible. 

3.  The  exact  angle  of  all  intersecting  lines  and  especially  all 
block  corners. 

4.  The  exact  position  of  all  monuments  set,  together  with  a 
careful  description  of  same. 

5.  The  number  of  each  block  and  lot. 

6.  The  area  of  all  parcels  larger  than  one  acre. 

7.  The  names  of  all  streets,  bodies  of  water,  and  recognized 
monuments. 

8.  If  a  curve  forms  the  boundary  of  any  lot  or  block  there 
should  appear  on  its  long  chord,  its  length  and  bearing  (or  angle 
from  tangent),  the  radius  of  the  curve,  the  deflection  angle,  and 
chord  distance  used  in  laying  the  curve,  as  well  as  the  total  angle. 

9.  A  ^mple,  but  complete  title,  including  the  date  and  name 
of  the  surveyor. 

10.  The  scale  of  map  and  an  arrow  for  the  meridian.  In 
most  States  the  law  requires  certificates  from  the  surveyor,  from 
the  owner,  and  from  the  notary.     The  surveyor's  certificate  shows: 

(a)  The  description  of  the  exterior  boundaries. 

(6)  By  whose  direction  the  survey  was  made. 

(c)  That  certain  described  monuments  had  been  set. 

*  Read  also  AppfmJix  (}. 
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((/)  That  the  map  is  a  correct  representation  of  the  field 
measurements. 

(e)  That  he  had  fully  complied  with  the  law  governing  the 
manner  of  platting  lands. 

(/)  Description  of  monuments. 

The  owner's  certificate  simply  recites  the  fact  that  he  caused 
the  land  described  in  the  surveyor's  certificate  to  be  platted,  as 
shown  on  the  map,  and  dedicates  the  streets  to  the  public  use. 
For  the  form  of  such  a  certificate,  as  well  as  that  of  the  notary 
public,  see  Appendix  H. 

334.  Subdivisional  Work,  Field  and  OfSce.  The  first 
step  toward  making  a  city  plat  should  be  to  secure  an  accurate 
description  of  the  boundaries  of  the  land  in  question.  This,  not 
infrequently,  requires  a  careful  search  in  the  register  of  deed's 
office  for  still  earlier  descriptions  of  the  same  tract,  in  order  to 
throw  light  on  disputed  or  deficient  courses. 

This  investigation  and  interpretation  of  deeds  for  the  use 
of  the  land  surveyor,  dealing  with  the  harmony  or  conflict  of 
the  descriptions,  is  an  entirely  different  work  from  that  of  the 
investigator  of  titles,  which  deals  with  the  legal  completeness  of 
the  conveyance.  In  the  older  parts  of  a  town  the  deed  of  the 
present  proprietor  frequently  does  not  give  information  sufficient 
to  fix  the  correct  location.  The  key  may  lie  in  some  boundary 
in  an  early  deed  referring  to  a  still  earlier  conveyance  of  adjacent 
property;  or  the  earlier  deeds  may  give  clearly  defined  locations, 
while  the  later  ones  say  "  more  or  less,"  at  every  point. 

In  some  cases  the  deeds  are  in  such  a  condition  that  it  is 
impossible  to  tell  what  they  mean  until  it  is  known  what  the 
possession  is.  Skill  in  this  work  can  come  only  after  considerable 
experience;  local  practices  must  largely  determine  what  is 
necessary. 

The  second  step  should  be  a  thorough  search  and  survey  in 
the  field  for  all  old  monuments  which  define  me  limits  of  the 
land.  Especially  important  are  the  U.  S.  land  monuments,  for, 
if  possible,  the  plat  should  be  "tied  on"  to  government  comers. 
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This  search  should  not  overlook  the  effect  of  adverse  possession 
(see  Art.  150)  in  locating  boundary  lines.  A  "closed'*  survey 
with  transit  and  tape,  of  the  exterior  boundaries,  completes  this 
step.  The  third  step  includes  a  test  of  the  closure  error  in  such 
resurvey,  by  computing  the  latitudes  and  departures.  If  not 
within  reasonable  limits,  the  mistake  should  be  located  by  remeas- 
urements.  If  the  error  is  within  the  limits  set  for  such  work,^ 
the  same  is  carefully  balanced  (see  Art.  193),  the  lengths  as  well 
as  the  bearings  of  all  courses  being  corrected.  Such  balanced 
data  are  now  mathematically  consistent.  If  the  city  authorities 
have  not  already  prescribed  the  proper  plan  for  the  subdivision, 
a  plan  must  be  prepared  which  will  conform  to  State  laws  (Art. 
350).  The  fourth  step  consists  in  setting  the  block  and  lot 
comers  according  to  the  plan.  The  minimum  party  for  this 
work  should  include  a  transitman,  two  tapemen,  and  an  axeman. 
For  the  best  work,  the  block  monuments  should  be  set  first,  after 
which  the  lot  stakes  are  set,  generally  along  the  lines  parallel 
to  the  lot  frontage. 

A  preliminary  measurement  shows  where  the  stake  should  be 
driven.  After  the  stake  is  driven  a  tack  may  be  placed  in  the 
stake  to  mark  the  exact  frontage.  It  is  necessary  to  measure  at 
least  all  angles  of  all  blocks,  while  in  irregular  lots  additional  lot 
angles  may  be  needed.  In  addition,  the  length  of  all  sides  of  all 
blocks  and  lots  must  be  known.  The  field  notes  are  best  kept 
in   the  form  of  a  sketch. 

The  fifth  step  consists  in  preparing  a  map  in  accordance 
with  the  State  laws  and  including  all  the  certificates  required. 
Finally,  the  sixth  and  last  step  is  completed  by  recording  the 
plat  after  its  certificates  have  been  duly  executed,  witnessed,  and 
the  plat  approved  by  city  or  State  authorities. 

335.  Monuments.  How  many  monuments  shall  be  located, 
and  where  shall  they  be  placed?  What  material  shall  be  used 
and  how  set?    Answering  the  first  question,  it  is  plain  that  no 

*  I  in  ^ooo  lo  1  in  1^,000  or  more. 
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more  work  should  be  attempted  than  can  be  done  well.  Better 
one  point  and  an  azimuth  than  points  everywhere  and  no  two 
agreeing,  either  in  distance  or  direction  with  the  relation  described 
by  the  plat.  But  so  much  should  be  done  well  that  the  labor  of 
locating  any  point  in  the  subdivision  from  existing  monuments 
shall  not  be  excessive.  The  points  chosen  for  placing  monuments 
should  be  such  as  will  continue  to  be  accessible  and  will  not 
be  ambiguous.  The  centre  lines  of  intersecting  streets  are  some- 
times marked,  giving  one  monument  to  each  intersection.  This, 
however,  is  objectionable  because  of  the  liability  of  the  centre 
line  to  disturbance  due  to  sewer,  gas,  water,  or  pavement  con- 
struction. Others  choose  the  side  lines,  giving  four  monuments 
to  each  intersection  of  streets,  but  a  still  better  practice  is  to 
put  the  monuments  on  offset  lines  in  the  sidewalk  area.  ' 

Stones,  or  concrete  monuments  made  in  place,  are  more  often 
chosen  than  any  other  material;  iron  bars  and  gas  pipe,  etc., 
are  sometimes  used,  driven  in  place  with  a  sledge;  cedar  posts, 
say,  4X4  inches,  are  quite  durable,  and  hard-burned  pottery 
is  sometimes  used.  Whatever  material  is  chosen,  the  foundation, 
which  should  be  flat — not  pointed — should  reach  below  frost; 
and  the  centre  of  gravity  be  kept  as  low  as  possible,  so  that  there 
shall  be  no  tendency  to  settle  out  of  place  when  the  ground  is 
soft  in  the  spring.  When  the  tops  are  much  above  the  surface 
of  the  ground,  there  is  a  liability  that  they  may  be  displaced  by 
traffic.  Probably  the  surveyor  does  not  see  any  traffic,  or  the 
prospect  of  it,  when  he  is  doing  his  work,  but  the  traffic  must  come 
before  the  work  of  the  monument  can  be  spared.  It  is  better  to 
bury  the  stone  wholly  and  indicate  where  to  dig  for  it  by  bearings 
than  to  run  the  risk  of  losing  the  whole  work  through  indiscretion 
in  placing  the  monument.  In  situations  where  every  rainstorm 
produces  a  slight  fill,  it  is  safe  to  place  the  top  considerably  higher 
than  would  otherwise  be  reasonable.  The  stones  to  be  set  are 
so  placed  in  the  excavation,  with  the  heavy  end  down,  that  when 
the  top  is  in  the  proper  position  and  before  any  earth  is  refilled 
there  is  no  tendency  to  fall  in  any  direction;  then  while  the  earth 
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is  being  refilled  and  thoroughly  tamped  about  the  stone,  the  top 

is'  kept  in  place.     It  is  better  that  the  mark  denoting  the  point 

for  which  the  stone  stands  should  be  cut  upon  before  it  is  placed 

in  the  ground.     When  this  is  done,  if  the  mark  is  worn  off  by 

traffic  or  knocked  off  by  accident,  the  centre  of  that  portion  of 

the  stone  which  remains  is  a  very  close  approximation  to  the 

original  point.     Fig.  177  shows  the  manner  of  setting  the  stone 

by  first  referencing  the  exact  point  by  two  intersecting  lines  from 

opposite  stakes,  AB  and  CD, 
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Fig.  177. — Setting  a  Monument. 

336.  Defective  Plats.  The  following  are  important  defects 
commonly  found  in  the  very  old  plats. 

Very  few  of  such  plats  show  what  stones  have  been  set  by  the 
surveyor,  or  indeed  indicate  that  he  has  any  knowledge  that 
such  monuments  may  ever  be  useful.  If  the  custom  were  once 
established  of  noting  upon  the  record  the  location  and  description 
of  monuments,  any  monument  found  during  a  resurvey,  but  not 
shown  on  the  record,  would  be  discredited.  As  matters  now  stand 
it  must  be  proved  incorrect  to  be  discredited — a  thing  not  always 
easy,  for  a  system  of  quadrilateral  blocks  whose  angles  are  not 
recorded  and  whose  street  lines  are  not  necessarily  straight  is 
far  from  being  rigid. 
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Many  plats  require  measurements  to  be  made  along  lines 
which  are  easily  measured  while  the  land  is  vacant,  but  which 
will  become  inaccessible  as  soon  as  the  property  is  built  up.  The 
obstacles  to  be  overcome  before  the  result  can  be  reached  by 
the  method  described  on  the  record  will  each  add  to  the  uncer- 
tainty of  the  result. 

There  are  many  ways  in  which  plats  are  made  which  are 
all  justly  subject  to  criticism.  Two  examples  will  suffice.  Irreg- 
ularly shaped  blocks  are  sometimes  treated  as  in  the  annexed 
sketch,  Fig.  178.  The  outline  is  subdivided  mechanically,  and 
proportional  distances  are  given  on  interior  lines  which  are  not 
consistent  with  any  trigonometrical  relation  of  the  exterior  lines, 
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Fig.  178. 


much  less  with  that  which  does  exist  but  is  not  recorded.  The 
point  X  has  nine  distinct  locations  directly  from  the  plat.  On  the 
theory  that  ab  an  cd  are  straight  lines,  their  intersection  gives 
one;  ab  straight,  the  distances  ax  and  bx  give  each  one;  cd 
straight,  the  distances  ex  and  dx  give  two.  Combine  the  dis- 
tances ax  and  cxy  bx  and  ex,  etc.,  and  get  four  more.  But  this 
is  not  all,  for  the  point  x  stands  related  to  each  of  the  ten  other 
points  along  the  line  at,  and  each  of  these  has  also  nine  locations 
which  accord  with  the  plat,  and  our  point  x  may  be  located  from 
either  of  them  or  any  combination  of  them  when  they  have  been 
located  by  any  of  the  methods  described. 

Besides    the   difficulty,  of   determining   how   interior   points 
should  be  located,  this  fan-like  subdivision  wastes  ground  in 
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each  lot  which  results  in  wedge-shaped  remnants  about  the 
buildings.  These  remnants  would  be  valuable  if  thrown  together 
into  the  comers,  thus  keeping  the  remaining  lots  rectangular  at 
the  front.  The  attempt  to  reach  a  rectangular  front  sometimes 
fails  through  inattention  to  very  simple  matters,  as  in  Fig.  179. 
Here  no  angles  are  recorded.  The  rear  comers  of  the  lots  are 
located  along  the  line  ab  by  distances  from  o.  or  b;  but  the  record 
depths  do  not  fall  upon  a  straight  line.  The  line  ab  should 
bisect  the  angle  between  the  block  lines  or  be  parallel  to  such 
bisector  in  order  that  with  a  constant  distance  along  ab  common 
to  the  series  of  lots  on  each  side  of  that  line,  their  angles  with 
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Fig.  179. 


their  respective  fronts  may  remain  constant.  In  the  case  given, 
every  lot  line  has  an  angle  with  the  block  line  upon  which  it 
fronts  different  from  that  of  every  other  lot  line,  and  all  dependent 
on  some  block  angle  which  is  not  recorded.  If  it  is  not  desirable 
to  bisect  the  block  by  the  line  ab,  its  direction  may  be  chosen  as 
desired,  the  distances  along  it  are  fixed  by  the  fronts  on  one  and 
the  angular  divergence  from  that  side  which  is  chosen,  and  the 
lot  fronts  on  the  other  side  of  the  block  must  be  correspondingly 
increased  or  diminished. 

337.  City  Resurveys,  In  Monumented  Cities.  The 
retracing  of  city  lot  lines  becomes  necessary  as  soon  as  building 
improvements  are  made  nor  do  thev  cease  even  when  the  entire 


METHODS  OF  PLANE  SURVEYING  457 

block  is  covered  with  houses.  The  healthy  growth  of  a  city  often 
means  the  replacement  of  residences  with  business  blocks,  and 
these  again  with  others  of  still  greater  pretensions.  Every 
change  is  likely  to  call  for  a  careful  survey,  and  the  necessity  for 
accuracy  of  course  increases  as  the  character  of  the  improvement 
and  the  real  estate  becomes  more  valuable. 

The  method  of  making  such  resurveys  in  a  city  whose  blocks 
are  well  monumented  is  much  easier  and  scientific  than  the 
methods  applicable  in  cities  with  few  or  no  monuments.  This 
can  be  most  clearly  stated  by  use  of  an  example.  Suppose  in 
Fig.  179,  the  original  block  monuments  at  N  and  O  are  still 
existent  but  the  lot  stakes  have  all  disappeared,  and  it  is  required 
to  locate  the  lot  corner  at  X,  In  this  case  X  is  located  by  the 
time-tried  rule  of  proportional  measurements.  Thus  if  the  block 
distance  NO  recorded  on  the  plat  was  1264  feet,  and  the  resurvey 
measurement  was  1264.38,  the  resurvey  distance  for  OX  would 
be  derived  from  the  proportion, 

1 264 : 1 264.38  =  800 :  F. 
^^8oo- 1264.38  ^3^^^ 

1264 

This  shows  that  the  chain  used  in  the  original  survey  was 
0.03  foot  longer  than  the  resurvey  tape.  This  method  should 
give  the  same  location,  independent  of  the  length  of  tape  used 
in  the  resurvey. 

338.  Resurveys  in  Non-monumented  Cities.  By  far  the 
larger  number  of  smaller  cities  and  many  of  our  larger  cities, 
at  least  in  part,  are  included  in  this  class.  For,  in  the  days 
when  cities  were  laid  out  with  needle  compasses,  it  was  thought 
that  one  monument  only  was  needed  to  reproduce  all  lot  and 
block  locations,  and  even  this  monument  finally  yielded  to  the 
road-maker's  plow.  In  such  cases,  the  proper  location  for  the 
lot  comer  must  needs  rest  quite  as  much  on  the  good  judgment 
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of  the  surveyor  as  on  any  rule  of  scientific  measurement.  No 
surveyor  would  doubt  that  his  duty  was  to  find  the  original 
location,  right  or  wrong,  but  how  can  two  surveyors  be  expected 
to  agree  on  a  location  which  must  be  based  upon  individual 
judgment.  The  courts  rule  with  considerable  unanimity  that  in 
such  cases  next  in  authority  to  the  original  monument  come 
fences,  buildings,  party  walls,  etc.,  which  were  erected  at  a  time 
when  such  original  monuments  marked  the  line;  the  assumption 
being  that  the  occupancy  was  with  respect  to  such  original  monu- 
ments.^ In  such  cases  a  careful  and  systematic  survey  is  made 
of  all  such  marks  of  lot  occupation  in  the  entire  block  and  even 
the  adjacent  blocks.  The  problem  is  now  to  make  the  location 
which  will  be  more  reasonable  than  any  other  one  that  can 
be  suggested.  A  study  of  the  data  secured  will  generally  show 
what  the  surplus  or  deficiency  in  the  block  is.  A  more  difl&cult 
problem  is  to  know  just  how  to  distribute  this  difference  in 
measurement  among  the  subdivisions  in  the  block.  In  fact,  no 
theory  invented  for  the  treatment  of  surplus  and  deficiency  has 
been  able  to  stand  the  test  of  the  courts  against  all  combinations 
of  circumstances. 

The  distribution  of  the  whole  front  in  proportion  to  the  recorded 
distances  has  been  generally  upheld  by  the  courts.  Care  must 
always  be  taken  not  to  confuse  the  present  problem  with  a  case 
where  property  lines  have  become  fixed  by  virtue  of  adverse 
possession  (Art.  150). 

In  the  larger  cities,  street  lines  have  been  measured  and 
remeasured  very  many  times  by  different  surveyors,  each  of 
whom  leaves  his  private  block  comer  marks  or  references.  In 
time  this  generally  results  in  fixing  the  comer  exactly  or  within 
very  narrow  limits.  Where  such  turns  out  not  to  be  the  case, 
and  the  marks  of  possession  are  inconsistent  with  each  other,  the 
surveyor's  duty  to  his  client  is  simply  to  show,  by  a  map  and  a 
report,  the  conditions  as  he  finds  them  and  await  further  instruc- 

*  See  Decision  by  Wisconsin  Supreme  Court,  Vol.  XLIV,  p.  104. 
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tions.  For  him  to  usurp  the  powers  of  the  courts  is  likely  to 
result  in  unnecessary  controversies.  Frequently  the  surveyor  may 
act  the  part  of  a  peacemaker  and  thereby  effect  a  compromise, 
much  to  his  client's  advantage  and  his  own  reputation.  Such  an 
agreement  becomes  at  once  binding  on  the  parties  thereto,^  and 
fixes  the  controverted  lines  fo"  the  future,  quite  independent  of 
the  actual  original  positions,  should  these  ever  become  known. 

It  is  much  more  important  to  the  owner  that  no  uncertainty 
shall  exist  regarding  his  boundaries  than  that  the  actual  land 
shall  have  the  dimensions,  exact  to  an  inch,  stated  on  the  recorded 
plat. 

339.  The  Value  of  an  Existing  Monument  is  based  (i)  on 
the  fact  that  it  corresponds  in  character  and  position  to  a  monu- 
ment described  on  the  recorded  plat;  (2)  on  the  custom  of  placing 
monuments  upon  the  completion  of  a  survey,  and  on  the  suppo- 
sition that  the  monument  in  question  was  set  in  pursuance  of 
such  custom,  although  no  monuments  are  noted  on  the  plat; 
(3)  on  recognition  by  surveyors  and  owners  of  land  aflfected  by 
it;  (4)  on  the  knowledge  that  it  was  placed  by  a  competent 
surveyor  at  a  time  when  data  were  accessible  which  are  not 
now  in  existence.  The  value  of  the  evidence  which  establishes 
or  tends  to  establish  the  reliability  of  the  monument  is  primarily 
a  question  for  the  judgment  of  the  surveyor.  His  decision  must 
be  reviewed  and  defended  before  courts  and  juries  when  there 
is  a  difference  of  opinion. 

The  monument  is  valueless,  or  less  valuable  in  all  degrees, 
when  there  is  evidence  that  it  has  been  disturbed.  It  sometimes 
happens  that  there  is  no  better  way  to  establish  a  corner  than 
to  straighten  up  a  stone  which  is  leaning,  but  has  not  been  thrown 
entirely  out  of  the  ground.  Inquiry  often  brings  out  the  fact 
that  a  stone,  after  being  completely  out  of  the  ground,  has  been 
reset  either  by  agreement  of  owners  adjacent,  or  by  the  reckless 

*  To  prevent  misunderstanding,  the  agreement  should  be  in  writing  and  duly 
recorded  in  the  register  of  deeds*  office. 
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individual  who  did  the  mischief,  and  is  still  pointed  out  as  the 
stone  the  surveyor  set.  As  a  recognized  corner  such  a  stone 
has  some  value,  i.e.,  it  is  to  be  supposed  that  it  is  somewhere 
in  the  right  neighborhood;  but  if  its  position  can  be  verified 
from  other  points  which  have  not  been  disturbed  the  work  should 
be  retraced.  If  the  original  survey  was  made  in  a  careless  way 
or  the  comer-stones  were  badly  set,  they  may  help  a  careful 
man  to  come  to  an  average  line  which  shall  correspond  with  the 
recorded  plat.  Monuments  are  sometimes  moved  or  destroyed 
maliciously.  It  is  wise  for  a  surveyor  to  test  discreetly  every- 
where, but  to  be  especially  careful  where  there  has  been  quarrel- 
ling about  lines. 

There  is  a  principle,  recognized  to  some  extent  by  the  courts, 
that  the  existing  monument  is  the  evidence  of  the  original  survey, 
whether  or  not  it  is  called  for  by  the  recorded  plat.  The  custom 
that  the  surveyor  making  the  subdivision  and  the  plat  for  record 
shall  set  comer-stones  is  so  far  followed  that  this  is  generally 
true,  cases  of  accident,  carelessness,  and  mischief,  and  such 
cases  as  that  mentioned  below,  being  somewhat  exceptional,  but 
many  times  very  real.  It  is  sometimes  attempted  to  go  a  step 
further  and  aflSxm  that  the  recorded  plat  is  the  record  of  the 
survey.  This  reverses  the  order  of  events  in  most  cases,  the 
survey  being  made  in  order  to  mark  upon  the  ground  the  chief 
points  of  a  plan  already  fixed  upon;  and  as  to  all  the  main  lines, 
the  plat  is  not  altered,  however  carelessly  the  survey  may  be 
made.  There  are  subdivisions  where  no  monuments  were  set 
and  where  no  certain  evidence  is  in  existence  of  how  or  where 
the  original  survey  was  made,  or  whether  any  survey  was  made 
at  all,  and  yet  there  is  a  recorded  plat.  A  surveyor  being  called 
upon  to  make  a  survey  of  some  parcel  in  such  a  subdivision,  sets 
stones  in  order  to  secure  recognition  for  his  theory  of  the  proper 
location.  If  he  does  his  work  carefully  he  undoubtedly  does  the 
public  a  service.  Can  any  amount  of  ignorance  of  when  or  why 
these  stones  were  set  ever  make  them  evidence  of  the  original 
survey?    In  other  cases  some  monuments  may  be  in  existence, 
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but  more  would  be  convenient — points  are  determined  from 
existing  monuments  in  accordance  with  the  recorded  plat,  and 
stones  are  set.  Another  surveyor  may  feel  a  little  nervous  about 
manufacturing  this  sort  of  evidence  of  the  original  survey,  or 
more  likely,  may  think  it  too  much  trouble  and  a  damage  to  the 
business,  for  the  more  doubt  the  more  work  for  the  surveyor,  so 
drives  his  stake.  Then  comes  the  owner,  who,  desiring  to  secure 
a  permanent  comer,  digs  a  hole  about  the  stake  without  taking 
offsets,  throws  it  out,  and  sets  in  a  stone — an  existing  monument! 
This  is  no  fancy  sketch,  nor  are  such  facts  so  very  rare.  The 
young  man  who  thinks  he  would  like  to  be  a  surveyor,  but  has 
no  eyes  nor  ears  for  facts  like  these,  had  better  turn  his  attention 
to  some  other  business.  The  resurveying  of  land  is  an  art, 
not  an  exact  science.^ 

340.  The  Preservation  of  Lines  after  the  monuments  have 
disappeared  is  accomplished  by  means  of  notes  and  marks  on 
buildings,  sidewalks,  curbing,  pavements,  fences,  etc.  Notes  on 
buildings  describe  not  only  the  character  of  the  building,  but  the 
particular  part  noted,  so  that  another  man  years  afterward 
using  the  same  note  would  have  no  doubt  of  the  identity  of  the 
point.  In  a  growing  town  the  work  of  keeping  up  the  notes  goes 
on  without  ceasing — buildings  are  remodelled  or  rebuilt,  streets 
reconstructed,  destroying  old  marks.  The  old  becomes  the  new 
so  constantly  that  the  surveyor  who  would  preserve  the  informa- 
tion which  he  already  has  must  be  constantly  employed  at  the 
work  of  renewal.  There  is  no  place  either  in  the  street  or  out  of 
it  where  the  surveyor  can  place  his  mark  and  say  to  all  comers, 
"Touch  not."  It  follows  that  whenever  it  is  necessary  to  use 
any  mark,  about  the  permanence  of  which  there  can  be  a  shadow 
of  a  doubt,  the  permanence  of  the  mark  must  be  shown  by  some 
practicable  test;  it  is  careless  to  assume  it. 

341.  The  Cause  of  Disagreement  between  Surveyors 
arises  from  differences  of  information  or  of  judgment,  and  in  a 

*  Original  land  surveys  at  the  present  time  can  and  should  be  made  accurate 
within  reasonable  limits  of  error. 
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less  degree  from  differences  of  skill.  These  are  all  just  as  human 
elements  as  the  lawyer  deals  with  in  his  work.  Testimony  is 
affected  by  the  interests  of  those  who  speak,  and  the  judgment 
varies  with  the  temperament  of  the  individual.  Perhaps  one  of 
the  most  difficult  lines  for  a  surveyor  to  draw  is  that  which 
separates  his  confidence  in  his  own  skill  in  retracing  a  survey, 
confessedly  inaccurate,  from  his  reliance  on  testimony  evi- 
dently biassed  as  to  the  position  or  disturbance  of  monu- 
ments. Errors  in  execution  may  be  kept  within  such  limits 
that  work  which  shows  differences  in  closing  of  i  in  5000  should 
be  retraced,  and  the  average  observed  differences  in  one  survey- 
ing party's  work  will  not  exceed  i  in  20,000.  Two  sets  of  men 
working  to  reach  the  same  standard  may  err  in  opposite  direc- 
tions, so  that  differences  between  two  surveyors  may  reasonably 
be  expected  to  be  somewhat  larger  than  either  would  tolerate  in 
his  own  work. 

342.  City  Standards. — Much  disagreement  in  surveys  would 
be  avoided  if  every  city  had  a  standard  of  length ,  say,  50  or  100 
feet  long,  with  which  all  surveyor's  'tapes  could  be  compared 
and  made  to  correspond.  In  the  larger  cities.it  is  the  custom 
to  maintain  such  a  standard  near  the  city  hall,  sometimes  in  a 
stone  curbing  or  other  place  secure  from  disturbance.  Some- 
times the  standard  consists  of  a  steel  rod,  supported  on  rollers 
on  the  side  of  a  building  \  and  protected  from  the  sun.  It  is 
desirable  that  the  length  of  such  a  city  standard  should  corre- 
spond to  that  of  the  National  Bureau  of  Standard,  Washington.^ 


'  Sec  illustrated  paper  by  Chas.  W.  Sherman,  The  loo  Foot  Standard  of  Length 
of  the  Boston  Water  Works,  in  Jour.  Assoc,  of  Eng.  Soc.,  Vol.  XVIII,  April, 
1897. 

^  This  bureau  will  determine,  for  a  small  fee,  the  true  length  of  any  tajje  sent 
to  them. 
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City,  Cadastral,  and  Topographic  Surveys 

343.  General  Description.  An  accurate  topographic  map  of 
its  entire  area  is  one  of  the  most  valuable  possessions  a  city  can 
have,  for  the  reason  that  it  makes  possible  the  most  economic 
location  and  construction  of  its  sewers,  water  supply,  and  street 
improvements.  The  true  importance  of  such  surveys  has  only 
tardily  been  recognized  by  American  cities,  but  in  Europe  nearly 
every  city  bases  its  extensions  upon  such  surveys.^  Without 
such  maps  a  city  is  forced  to  design  its  improvement  piecemeal, 
with  the  result  that  they  later  have  to  be  changed,  abandoned, 
or  operated  at  a  loss.  Great  economies  result  from  combining 
the  topographic  work  with  a  complete  property  or  cadastral 
survey. 

Because  of  the  limited  area  involved,  the  effect  of  curvature 
of  the  earth  is  disregarded  in  such  city  surveys,  and  instead,  the 
map  is  referred  to  rectangular  axes,  one  being  the  true  meridian. 
A  convenient  origin  is  selected  and  all  points  in  the  city  are 
located  by  its  distance  E.  or  W.  and  N.  or  S.  of  such  origin. 
The  city  of  Baltimore,  for  example,  referred  all  co-ordinates  to 
the  Washington  Monument  as  an  origin  (see  Fig.  180).  Such  a 
survey  should  have  sufficient  and  accurate  control,  both  vertical 
and  horizontal. 

344.  Triangulation  System.  The  horizontal  control  is 
obtained  by  a  triangulation  which  starts  from  one  or  more 
accurately  measured  base-lines  and  expands  until  accurately 
determined  points  are  fixed  in  all  parts  of  the  city.^ 

For  the  purpose  of  such  work  a  repeating  theodolite  i§  pre- 


*  See  Jour.  Assoc.  Eng.  Sck  .,  189^^,  p.  i,  lov  a  report  on  the  excellent  survey  of 
St.  Louis. 

'  On  the  St.  Louis  Survey,  87  triangulation  stations  were  located,  or  about 
two  stations  to  the  square  mile.  On  the  Baltimore  survey,  a  total  of  116  stations 
were  located,  or  two  per  square  mile,  besides  70  steel-tape  traverse  stations  per 
square  mile. 
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ferred  to  the  direction  instrument  because  of  the  fact  that  the 
former  requires  less  walking  around  the  instrument.  Perhaps 
the  greater  number  of  the  triangulation  stations  are  forced  to  be 
located  on  roof  tops,  and  if  the  observer  were  forced  to  change 
his  position  while  reading  the  angle,  the  lack  of  stability  would 
result  in  too  large  errors.  For  a  full  description  of  instruments, 
programme  of  observation,  measurement  of  the  base  and  all  office 
reductions,  see  Chapter  XIV.  The  grade  of  work  recjuired  might 
vary  from  the  highest  accuracy  (primary)  to  tertiary  triangulation. 

345.  Steel-Tape  Traverses.  Following  the  completion  of  the 
triangulation  a  large  number  of  accurate  traverses  are  sometimes 
run  by  the  transit  and  tape  between  known  triangulation  points. 
The  errors  of  closure  of  these  traverses  are  adjusted  on  the 
assumption  that  the  triangulation  work  is  free  from  error.  Finally, 
when  the  street  lines  are  connected  with  the  co-ordinate  system, 
the  co-ordinates  of  all  block  and  lot  comers  become  known. 

346.  Precise  Level  Bench-Marks.  To  prevent  large  accu- 
mulative errors  in  the  vertical  control  of  the  map,  a  system 
of  precise  level  circuits  should  be  run,  starting  with  some  central 
bench  mark  or  directrix,  and  gradually  extended  outward  until 
the  circuits  cover  the  city.  The  special  instruments  and  all  field 
work  thus  included  is  quite  fully  explained  in  Arts.  480  to  494. 
Permanent  bench-marks  are  located  at  places  where  they  are 
likely  to  be  undisturbed  by  frost  or  traffic.  In  the  St.  Louis 
survey,  240  miles  of  precise  levels  were  run  and  B.  M.'s  set  out 
at  an  average  distance  apart  of  380  meters.  In  the  Baltimore 
city  survey  282  .miles  of  precise  levels  were  run  which  determine 
600  B.  M.*s  located  at  an  average  interval  of  1200  feet  along  the 
route.^  Many  hundreds  of  miles  of  both  wye  levels  and  transit 
levels  were  initiated  from  these  precise  B.  M.*s  for  topographic 
control. 2 


*  The  cost  of  the  precise  levelling  on  the  St.  Louis  survey,  including  field  and 
ofHce,  was  $45.38  per  mile,  that  of  the  Baltimore  survey  cost  $23.56  per  mile. 
The  average  error  of  both  surveys  was  .003  ft.  per  mile. 

'  See  Chapter  XVII.  for  detail  description  of^  precise  levelling. 
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347.  The  Datum  Plane.  The  plane  of  reference  to  which  all 
levels  are  referred  is  called  the  datum  plane.  This  usually  is 
chosen  with  reference  to  the  topography.  For  example,  cities 
situated  on  the  ocean  or  other  bodies  of  water  would  find  it 
convenient  to  use  some  established  stage  of  such  body  of  water 
(mean,  high,  or  low  stage)  as  such  a  plane  of  reference.  This 
plane  would  have  special  significance  in  cities  whose  sewers 
empty  into  the  body  of  water.  Again  'sea-level  datum  may  be 
used. 

348.  City  Topographic  Methods.  The  following  three 
methods  were  tried  on  the  Baltimore  survey  and  in  the  following 
order:  (i)  By  transit  and  stadia  method,  the  notes  being  worked 
up  and  platted  in  the  office,  after  which  the  sheets  were  taken  into 
the  field  and  the  contours  drawn;  (2)  by  plane  table  and  stadia, 
the  map  being  prepared  on  the  plane  table  in  the  field;  (3)  by 
transit  and  stadia,  but  with  the  notes  worked  up  and  platted  in 
the  field  on  an  18X24  inch  drawing  board,  mounted  on  a  tripod. 
The  second  method  "was  not  found  well  adapted  for  working 
on  so  large  a  scale  (i  inch  =  200  feet),  and  where  so  many  details 
were  to  be  located." 

The  third  method  was  used  in  over  three-quarters  of  all  the 
area.  The  field  party  comprised  one  topographer,  one  recorder, 
two  rodmen,  one  axeman,  one  computer,  and  one  draftsman. 
The  locations  included  "all  streets,  alleys,  drives,  and  roads; 
all  fences,  walls,  and  hedges;  all  public  buildings,  churches, 
schools,  factories,  depots,  warehouses,  and  residences;*  all  rail- 
roads and  street  railroads;  all  streams,  creeks,  ravines,  lakes, 
and  ponds;  all  property  and  block  comer-stones,  etc.*  Previous 
to  going  into  the  field  each  field  party  was  furnished  a  sheet  on 
which  had  been  platted  all  triangulation  and  primary  traverse 
locations  with  all  lengths  and  azimuths  of  such  lines  and  also 
the   elevations   of  all  precise   level    bench-marks.      As   rapidly 

^  For  a  full  description  of  this  survey  see  Eng.  News,  i8g^,  Vol.  II,  p.  83,  and 
1895,  V^'-  I>  P*  33'  ^"^  ^"'-  II»  P-  32;  also  1896,  Vol.  II,  p.  307,  312,  364,  400. 
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as  the  topographer  read  azimuths,  distances,  and  vertical 
angles,  the  draftsman  platted  the  same,  while  the  recorder  worked 
out  the  elevations.  When  all  necessary  locations  were  com- 
pleted the  contours  were  drawn  on  the  field  board,  and  the  party 
moved  on  to  the  next  station.  In  all,  2320  stadia  stations  were 
occupied  and  134,000  sights  taken,  or  an  average  of  10  per  acre. 
Fig.  181  is  a  reproduction  of  part  of  one  of  the  finished  topo- 
graphic maps.    In  the  original  the  contours  are  drawn  in  brown. 

The  City  Plan 

349,  The  Location  of  the  Site.  The  location  of  the  city 
site,  instead  of  being  selected  on  its  merits,  is  too  often  a  matter 
of  accident.  It  is  a  reflection  on  any  people  that  they  will  allow 
a  mere  cross-roads,  a  waterfall,  or  a  sawmill  to  locate  their  cities 
for  all  time.  This  should  be  especially  true  of  a  new  country. 
No  city  should  be  located  where  an  adequate  supply  of  good 
water  is  not  obtainable.  Again,  city  sites  should  be  selected 
with  some  reference  to  the  topography  and  ease  of  transportation. 
A  swamp,^  a  universal  hillside,  or  a  mountain  top  should  not 
be  chosen.  Streets  with  sufficient  grade  to  insure  good  drainage 
are  preferable  to  perfectly  level  ones.  Excessive  street  grades  are 
expensive  to  maintain  and  prohibitive  of  all  except  slight  traflSc. 
The  location  of  a  city  on  an  unfavorable  site  results  in  an  unneces- 
sary tax  on  the  health  and  wealth  of  its  future  citizens. 

350.  Street  Plan.  No  ideal  plan  can  be  laid  down  as  a  model 
for  all  cities,  but  instead,  each  city  requires  a  special  design  for 
the  size  and  arrangement  of  its  streets.  This  design  should 
depend  largely  upon  the  topography,  and  the  probable  future  needs 
of  the  city  for  transportation,  both  in  direction  and  amount.^ 

^  Chicago  is  located  in  what  was  originally  a  sw^mp,  and  as  a  result  the  extra 
cost  of  the  foundations  for  its  buildings  has  been  untold  millions  of  dollars. 

*  The  plan  of  New  York  unfortunately  provided  for  a  maximum  traffic  in  an 
east  and  west  direction,  instead  of  north  and  south.  This  resulted  in  so  few 
north  arid  south  avenues  as  to  add  immeasurably  to  the  difficulties  of  the  trans- 
portation problem. 
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Special  provision  should  be  made  for  locating  and  orienting  the 
streets  of  residence  districts  so  as  tq  give  pleasing  land  or  water 
views  as  well  as  plenty  of  sunlight. 

Washington,  D.  C,  is  usually  pointed  to  as  a  model  plan 
(Fig.  182),  but  an  attempt  to  use  the  same  plan  iji  another  city- 
might  not  be  desirable.  The  unusually  large  amount  of  street 
area  (43  per  cent  of  the  total  area)  would  prove  too  great  a  bur- 
den in  many  cities,  but  its  feature  of  radial  streets  is  one  which 
could  be  adopted,  at  least  in  part  by  nearly  all  large  cities. 

The  practice,  common  in  Europe,  of  dedicating  the  land 
adjacent  to  all  bodies  of  water  for  street  or  other  public  purpose 
and  of  requiring  the  owners  of  land  to  make  proper  provision 
for  transportation,  has  not  been  generally  followed  in  the  United 
States.  In  recent  years  legislation  has  been  adopted  which 
compels  land  owners  to  submit  all  plats  to  the  city  authorities 
for  approval.^ 

351.  Location  of  Streets.  The  location  of  streets  is  the 
foremost  consideration  in  city  planning.  It  is  the  street  which 
makes  the  city  possible  and  it  is  the  street  which  permits  the 
growth  of  the  city. 

City  street  plans  are  of  three  general  types:  First,  the  checker- 
board or  rectangular  system,  which  gives  the  maximum  number 
of  blocks  and  lots;  second,  the  first  system,  modified  by  occa- 
sional diagonal  streets  for  the  heaviest  traffic  (Fig.  182),  is  a  good 
example;  and,  third,  a  ring  or  concentric  arrangement  of  city 
streets.  Examples  of  the  last  are  found  mostly  in  Europe  ^ 
(Fig.  183).     Ouriine  Map  of  Paris. 

Unfortunately,  the  first  form  is  very  generally  used  in  United 
States.  However,  much  of  the  present  efforts  toward  replanning 
our  cities  is  with  the  view  of  adopting  the  second  system,  while 
many  European  cities  are  spending  many  tens  of  millions  of  dollars 

*  See  example  of  gtK>d  and  Ijad  planning  of  water  front  in  the  Chanties  and 
the  Commons,  now  called  "The  Survey,"  PVl).  i,  1908,  p.  1509. 

'  This  is  in  part  due  to  the  peculiar  way  in  which  these  cities  were  fc»rced  to 
grow  during  the  middle  centuries,  viz.,  surrounded  by  a  wall  for  defence. 
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in  securing  additional  diagonal  streets  or  in  widening  present 
ones. 

The  general  adoption  of  the  gridiron  system  of  streets  is 
responsible  for  most  faulty  street  plans.  The  two  main  objec- 
tions to  such  systems  are  first,  that  it  compels  traffic  to  go  on 
two  sides  of  a  right-angled  triangle,  instead  of  using  the  hypoth- 
enuse  or  diagonal,  and  second,  the  excessive  cost  of  street  improve- 
ments and  excessive  damage  to  abutting  lands.  Fig.  182  shows 
how  the  general  use  of  diagonal  streets  may  be  made  to  assist 
in  the  transportation  problems  of  a  city.  Fig  184  shows  clearly 
how  the  substitution  of  diagonal  streets  along  natural  drainage 
channels  in  place  of  the  rigid  rectangular  system  is  sometimes 
a  real  necessity.  It  is  obvious  that  the  construction  of  pave- 
ments and  sewers  through  such  diagonal  streets  will  be  at  a 
great  saving  of  cost  over  the  rectangular  system,  besides  the 
great  saving  in  the  maintenance  and  use  of  the  pavements. 

The  rectangulair  system  can  be  adopted  on  fairly  even  ground, 
but  in  every  case  it  should  be  supplemented  by  wide  avenues 
which  lead  by  radial  paths  from  one  important  civic  centre  to 
another.  Past  mistakes  in  a  city  plan  are  difficult  to  remedy, 
but  the  application  of  the  above  principles  to  the  new  develop- 
ment in  suburban  districts  should  be  easy,  and  under  the  direct 
control  of  the  city. 

352.  Size  of  City  Blocks  and  Lots.  The  size  of  blocks 
5md  lots  will  vary  to  meet  different  conditions.  The  length  of  city 
lots  is  usually  between  100  and  180  feet,  and  their  width  between 
20  and  30  feet.  The  extreme  length  of  180  feet  would  be  suitable 
for  the  highest  class  residence  district,  and  provides  room  for  a 
large  lawn.  A  width  of  25  feet  seems  to  be  preferred  by  most 
authorities,  as  this  is  a  convenient  width  for  business.  If  large 
lots  are  provided,  their  subdivision  is  certain  to  mix  up  the 
records. 

A  long,  narrow  block  is  the  most  common  except  sometimes  in 
the  business  centre.  An  alley,  varying  in  width  from  10  to  30 
feet,  is  usually  nm  lengthwise  through  the  block,  especially  in  a 
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business  district.  The  following  are  the  dimensions  of  typical 
blocks  in  the  following  cities:  Boston,  220X400  feet  and  100X550 
feet;  N  w  York,  200X900  and  200X400  feet;  Philadelphia. 
400x500  and  500x800  feet;  Washington,  4oox6ooand  300X800 
feet;   Chicago,  300X350  and  300X500  feet. 

The  present  type  of  block  when  built  up  seems  to  result  in  the 
unsanitary   and   inconvenient   conditions  shown   on   the   left   of 


— Street  Plan  propijsi 


■,  J.  F.  llardei 


Fig.  185.  The  right-hand  side  of  this  same  figure  shows  a  pro- 
posed modification  '  of  much  merit.  The  objectionable  closed 
court  is  here  replaced  by  an  open  court.  The  iwo  plans  give  sult- 
stantiatly  the  same  area  for  building  and  for  street  purposes. 


'  Proposed  by  Mr.  J.  F.  Harder  in  Munkiiwl  AlTiiirs,  VM.  II,  ] 
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353.  Width  of  Streets.  The  typical  city  street  in  a  downtown 
district  resembles  a  tunnel,  the  light  and  air  being  effectually 
cut  off  by  the  excessively  high  buildings.  Wider  streets  would 
greatly  assist  in  bettering  sanitary  conditions.  And  yet  all 
streets  do  not  need  to  be  of  the  same  width.  Instead,  they  should 
vary  in  width  from,  say,  210  feet,  the  width  of  Ocean  Parkway, 
Brooklyn,  with  its  three  roadways,  to  40  feet  on  some  unimportant 
short  side  street.  Such  a  plan  provides  adequately  for  the  city 
needs  without  undue  waste  of  land.  In  a  residence  district  a 
width  of  from  50  to  80  feet  is  common.  Main  thoroughfares, 
however,  should  have  a  width  of  not  less  than  100  feet.^ 

Events  have  sometimes  shown  that  the  widening  of  a  narrow 
street  has  had  the  direct  effect  of  increasing  the  adjacent  real 
estate  values  more  than  the  cost  of  enlargement.  In  platting  land 
it  is  worthy  to  note  that  land  is  sometimes  more  valuable  to  the 
lot  owner  when  it  goes  to  make  a  sufficiently  wide  street  than 
when  it  is  added  to  the  lot,  thus  making  a  too  narrow  street. 

The  following  table,  taken  from  the  census,  gives  the  propor- 
tion of  the  area  devoted  to  streets  in  a  few  extreme  American 
cities: 

MINIMUM.  MAXIMUM. 

Worcester,  Mass 5-43%  Duluth,  Minn 86.7% 

Framingham,  Mass 7.55  Dallas,  Texas 78.3 

Philadelphia,  Pa 8.42  Denver,  Colo 73.9 

Boston,  Mass 8. 76  Indianapolis,  Ind 5^-4 

Lowell,  Mass 8 .  92  Washington,  D.  C 43 . 5 

Fall  River,  Mass 9.17  Davenport.  la 42.1 

354.  Street  Grades.  One  of  the  most  important  services 
which  the  city  engineer  can  render  is  the  design  of  a  good  system 
of  street  grades.  If  this  design  is  made  before  the  adjoining 
property  is  improved  the  problem  is  much  simplified.  The  con- 
siderations which  control  grades  are  the  following:  (i)  the  drain- 

*  Macon,  Ga.,  has  the  widest  streets  of  any  city  in  United  States,  they  being 
alternately  180  and  120  feet. 
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age;  (2)  the  accommodation  of  the  traffic;  (3)  the  cost  of  cut  and 
fill;  (4)  the  effect  ijpon  abuttmg  lands;  (5)  the  appearance  of 
the  street.  Frequently  too  much  weight  has  been  given  to  (3) 
and  too  little  to  (i)  and  (2). 

As  a  basis  for  a  good  design  an  accurate  topographic  map  or 
profiles  of  the  centre  and  side  lines  of  the  street  are  indispensable. 
The  grade  or  vertical  alignment  is  then  referred  to  bench-marks 
(see  Art.  346)  in  the  same  manner  that  the  horizontal  alignment 
of  the  street  is  controlled.  Where  the  topography  allows,  opposite 
curbs  should  have  the  same  elevation,  and  street  intersections 
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Fig.  186. — Street  Grades  at  Street  Intersections. 


should  be  level.     When  the  grades  will  not  allow  this,  the  follow- 
ing rule  has  been  proposed:  ^ 

"In  the  business  section  all  the  street  grades  of  3  per  cent 
or  less  should  be  continued  unbroken  over  the  intersection;  and 
streets  having  a  steeper  grade  than  3  per  cent  should  have  an 
intersection  of  3  per  cent  between  curb  lines.  The  grade  of  the 
curb  between  the  other  curb  line  and  the  property  line  should 
in  no  case  be  greater  than  8  per  cent.     The  grade  at  the  comer 


*  Proposed  by  Hering  and  Rosewater.    See  Eng.  News,  Vol.  XXV,  pp.  148-149, 
or  Eng.  Record,  Vol.  XXII,  p.  53. 
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of  the  property  should  be  determmed  by  adding  to  each  of  the 
grades  of  the  curb  opposite  the  comer,  the  pse  of  the  sidewalk 
and  taking  the  mean."  Fig.  i86  is  a  street  intersection  adjusted 
by  the  above  rule.  There  are  many  difficult  problems  arising 
out  of  street  grades  and  the  beginner  should  familiarize  himself 
with  the  literature  1  on  the  subject  before  attempting  a  grade 
design. 

Street  grades  should  be  fixed  by  the  grade  of  the  curbs  or 
the  property  lines  and  not  by  the  centre  line  of  the  street.  The 
latter  will  change  with  each  paving  material,  while  improvements 
to  the  abutting  property  are  always  made  with  reference  to  the 
curbs.  2 

355.  Minimum  and  Maximum  Grades.  An  effort  should 
be  made  to  reduce  the  grades  to  about  5  per  cent  and  3  or  4 
per  cent  in  downtown  district.^  This,  however,  is  frequently 
impossible.  New  York  city  has  grades  on  residence  streets  of 
16.15  ^^^  ^^^^  18  P^^  ^^^^'  Pittsburg  has  grades  of  17  per 
cent,  Duluth  12.2  per  cent,  and  Kansas  City  16.5  per  cent.  On 
very  steep  grades  zig-zag  roads  are  sometimes  constructed  in 
order  to  reduce  the  grade.  A  minimum  grade  from  0.5  to  i  per 
cent  is  necessary  for  drainage.  If  this  cannot  tje  secured  it  is 
common  to  design  a  summit  at  centre  of  block  and  run  the 
street  water  toward  the  block  comers. 

356.  Vertical  Curve  at  Grade  Intersections.  For  the 
benefit  of  both  appearance  and  traffic,  a  vertical  curve  should 
be  used  wherever  there  is  any  considerable  change  of  grade  either 
at  street  intersections  or  within  the  block.  The  parabola  is  the 
best  form  of  curve  and  one  most  easily  put  in.  In  Fig.  187  ^45 
and  AC  represent  two  grade  lines  meeting  at  A,     CB  is  a  vertical 

*  See  list  of  references  at  close  of  chapter. 

*  For  a  model  city  ordinance  establishing  a  grade  system  see  McCullough*s 
Engineering  Work  in  Towns  and  Small  Cities,  Technical  Book  Agency,  Chicago, 
111. 

*  The  city  of  Seattle,  Wash.,  has  cut  down  grades  of  over  loo  feet.  One  grading 
contract  included  about  2,500,000  cubic  yards. 
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parabola  tangent  to  the  grade  line  at  C  and  B.  The  curve  is 
located  by  computing  the  vertical  ordinates  at  the  points  i,  2, 
3,  4,  etc.,  as  follows:  DE  is  the  rise  in  half  the  length  of  the 
curve,  i.e.,  from  5  to  ^,  while  EC  is  the  fall  in  the  second  half. 
If  n  represents  the  number  of  equidistant  points  necessary  to  be 
established  on  the  curve  (including  the  second  tangent  point  C), 
then  from  the  law  of  the  curve  we  have  the  ordinate  at  the  first 
point, 

DE  +  EC 


Y^ 


n- 


Fig.  187. — Vertical  Curve  at  (irade  Interserticn, 


while  at  any  other  point,  Yn  =  n^Y,    Thus  at  2,  72  =  4^",  at  3, 

The  elevations  of  the  curve  are  obtained  by  subtracting  such 
computed  ordinates  from  the  elevations  of  the  corresponding 
points  on  the  straight  grade.  From  10  to  15  feet  of  curve  should 
be  provided  for  each  per  cent  of  change  of  grade. 

357.  Cxxrved  Streets.  "  The  curved  line  is  the  line  of  beauty '' 
in  street  planning  as  in  many  other  situations,  and  its  moderate 
use  even  in  flat  topography  contributes  also  to  the  charm  of 
variety.  The  houses  show  far  better  on  a  curved  than  on  a 
straight  line,  while  the  view  from  the  windows  both  front  and 
side  is  much  more  pleasing.     In  hilly  or  rolling  topography,  the 
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use  of  curved  street^  is  frequently  mandatory  for  economic  reasons, 
especially  in  a  residence  section. 

The  following  brief  discussion  of  the  manner  of  laying  out 
circular  curves  is  thought  sufficiently  full  for  ordinary  city  survey- 


FiG.  1 88. — Principles  of  a  Circular  Curve. 

ing.    A  complete  discussion  of  such  a  subject  may  be  found  in 
any  of  several  excellent  manuals  on  railroad  curves.* 

358.  Principles  of  a  Circular  Curve.     The   straight   lines 
AV  and  57,  Fig.  188,  are  called  the  tangents,  while  the  curves 


*  Field  Engineering,  by  W.  H.  Searls,  published  by  John  Wiley  &  Sons,  New 
York,  is  a  standard  text. 
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are  designated  by  the  lengths  of  their  radii.*  The  angle  between 
one  tangent  produced  as  A  K,  and  the  second  tangent  as  F5,  is 
called  the  intersection  angle  /. 

In  Fig.  i88,  which  represents  a  circular  curve,  we  note  the 
following  relations: 

^0  =  50=radius  =  i?; 
i4£5= length  of  arc«=ic; 
AB  =  long  chord  =C; 
V  1 '  '  ^  3  )Ci4  =  iS^  =  tangent  distance  =  T\ 
'rr    \f       WC = external  distance  =  E ; 
HF = middle  ordinate  =  M ; 

/=inter^ecUon  or  central  angle. 

From  the  figure  dt  is  evident  that 

r=:l?tan//2; (i) 

C=2Rs\nIl2; (2) 

M  =  i?  vers  7/2;      . (3) 

£=^exsec//2; .     .  (4) 

Lc=-^X  circular  measure  of  7. 

359.  Laying  Out  Circular  Curves.  The  first  step  is  to 
\  locate  the  point  of  intersection  (P.  I.)  of  the  curve.  If  this  point 
is  accessible,  the  intersection  angle  is  then  carefully  measured 
with  the  transit.  If  the  P.  I.  is  inaccessible,  the  intersection 
angle  can  be  computed  from  a  short  connecting  traverse  between 
the  tangents  (one  course  may  suffice).    From  a  plat  of  the  premises 


*  In  railroad  surveying  the  curves  are  known  by  the  number  of  degrees  which 
an  arc  of  100  feet  subtends  at  the  centre,  thus  if  100  feet  subtend  2°  at  the  centre 
}t  19  called  a  2^  curve, 

4 
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often  a  topographic  map,  the  proper  R  is  determined.  The 
tangent  distance  then  becomes  known  by  use  of  the  formula, 
T=R  tan  hi.  The  P.  C.  and  P.  T.  should  be  set  first  as  a  check, 
after  which  the  curve  is  run  in  by  turning  oflf  angles  from  the 
tangent  (called  deflection  angles)  determined  as  follows:  If  the 
total  length  of  the  curve  be  divided  into  n  equal  parts,  the  angle 
at  the  centre,  corresponding  to  each  of  these  even  arcs,  would 

be  -,  and  the  deflection  angle  for  one  chord  would  be  — ,  which 
n  2« 

in  Fig.  189  is  angle  VAb.     It  is  evident  that  the  deflection  angle 

to  point 

/      / 
2n    n 


2n    2  n 


I      2/ 

^  =  4X  -=    -, 
2n     n 

etc. 


Therefore,   after   the  first  deflection   angle    VAb   is   turned 

(see  Fig.  189),  each  succeeding  deflection  is  formed  by  adding  -  - 

2n 

as  an  increment  to  the  preceding  deflection.     The  check  on  the 

work  would  be  that  the  last  deflection  angle  should  equal  -, 

2 

and  when  this  last  point  is  set  it  should  coincide  with  the  P.  T., 
as  already  set.  The  chords  Ab,  be,  cd,  etc.,  can  be  readily  com- 
puted from  the  formula,  chord  length  c  =  2  sin  f-  ). 
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The  transit  is  now  set  over  the  P.  C,  and  with  the  A  vernier 
set  on  o°,  the  line  of  sight  is  directed  by  the  lower  motion  and 


clamped  on  the  tangent  AV.     The  angle   VAb=i  —  j  i 


is  now 


turned  off  in  the  proper  direction,  right  or  left,  by  the  upper 
motion  and  a  stake  sighted  in  by  the  transit  and  set  at  the  com- 
puted chord  distance  {Ab)  from  A,    A  tack  may  be  driven  in 


Fig.  189. — Lay-out  of  Circular  Curves. 

the  stake  by  which  to  mark  the  exact  point.     Point  C  is  located 

by  adding  —  to  the  vernier  reading  and  placing  c  on  line  and  at 

the  computed  chord  distance  from  b.  This  process  is  continued 
until  the  P.  T.  is  reached.  If  preferred,  the  work  could  start 
at  the  P.  T.  and  finish  at  the  P.  C. 

Before  going  into  the  field  it  is  very  desirable  to  compute  the 
deflection  angles  and  the  chord  distances  to  be  used  in  running 
the  curves,  wherever  this  is  possible. 
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360.  Computation  of  Deflection  Angles  and  Chords  for  a 
Circular    Curve.    First.    Given.    Curve    to  the    left    ^=240, 

/=43''  32'  30": 

P.  C.  =  10  +  51.40  width  of  street  80  feet. 

7"=/?  tan  21^46'  15"  =  240x0.37928  =  91.03. 

43®  =0.7504916  P.  €.  =  10+51.40 

32'  =0.0093084  1+82.39 

30" = 0.000 1454  

P.T.  =  i2+33.79 


From  Table  XII 


0-7599454X240=182.39=4. 

/^=45.6o±. 

I.    DEFLECTION  ANGLES 

If  the  curve  be  divided  into  four  equal  parts  corresponding  to 
an  equal  central  angle  of  10°  53'  7".5,  the  deflection  angle  from 
the  P.  C.  will  be: 

P.  C.  =  10  +  51.40 

10  +  97.00=  5®  26'  34" 

11+42.60=10    58     8 

11+88.20=16    19  42 
P.  T.  =  12 +33.79  =  21    46   15 

II.    CHORDS 

sin  5^  26'  34"  =0.09484 
2R=         480 


758720 
37936 


45.52  +  centre  chord 

.0948x2X40=    7-59± 

53.11  right  chord 


37.93  left  chord 
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361.  To  Set  Lot  Stakes  at  Fixed  Arc  Distances.  Second. 
It  fe  sometimes  necessary  to  set  lot  stakes  on  a  curve  at  certain 
fixed  arc  distances  apart.  The  method  of  computing  the  proper 
deflection  angles  and  chord  distance  can  be  best  shown  by  an 
example.  Suppose,  in  the  example  above,  it  is  required  to  com- 
pute the  deflection  angles  and  chords  necessary  to  set  lot  stakes 
at  every  50  feet  on  the  street  lines.  The  computations  for  the 
right, side  are  as  follows: 

Rj.  =  240  H-  40  =  280  feet. 

The  corresponding  tangent  distance  is 

r^  =  28o  tan  21®  46'  15"=  106.20. 

From  Table  XII  we  have  the  length  of  this  arc  or 

1,^=280X0.7599454  =  212.78  .         P.  €.  =  10  +  51.40 

24-12.78 


P.  T.  =  12  4-64.18 

I.   DEFLECTION  ANGLES 

Deflection  angle  for  50  feet  arc  on  right  side  of  street 

^:^R^'''''^^'  i5"  =  2i.77o8 
2^2-7^  50 


log  1048.54  =  3.036844 
log    212.78  =  2.327931 


0.708913=5^1158 

60 


6'.948o 
60 

56".88 
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Defl.  angle  for  50  ft.      -  f  6'  57" 

12  78 
Defl.  angle  for  12.78  ft.  =  —-— xdefl.  for  50  ft. 

=0.2556 xdefl.  for  50  ft. 
log  0.2556  =  9.407561 
log  defl.  50  ft.  =0.708913 


0.1 16474:^  1^.3076=  1°  18'  27"  =  defl.  for 

12.78  ft. 
P.  C.  10  +  51.40 

11+   1.40=   5°    6' 57" 

11+51.40=10    13   54 

12+   1.40=15    20  51 

12  +  51.40  =  20    27   48 
P.  T.  12+64.18=21    46   15    check  =  //2 

n.   CHORDS 

From  Eq.  (2),  page  479,  C  =  2i?sin  7/2,  we  have 

for  50  ft.  arc,  chord  =  C=  560  sin  5°  6'  57" 

=*=  560  X  0.089 1 69  =  49.93 

For  a  12.78  ft.  arc,      C=56oXsin  1°  18'  27" 

=  560X0.022765  =  12.75 

The  computations  for  the  leit-side  curve  are  similar. 

362.  Form  of  Field  Notes.  The  following  alignment  notes 
of  a  curved  street  refer  to  the  centre  line  as  is  customary.  How- 
ever, the  parallel  side  lines  must  also  be  run  out  by  the  use  of 
chords  and  deflection  angles.  The  notes  begin  at  the  bottom 
for  convenience  of  making  a  sketch.  In  the  second  colunm  are 
recorded  the  distances  measured  on  the  actual  arc  along  the 
centre  line.  The  following  three  columns,  headed  "Chords," 
contain  the  chord  measurements  from  station  to  station  on  the 
right  side,  centre  line,  and  left  side  of  the  street.     The  sixth 
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column  laid  off  by  the  transit  at  the  P.  C.  is  used  in  running 
all  three  curves.  The  last  column  contains  descriptions  of  the 
curve. 

FIELD  NOTES  OF  PROBLEM   L    ART.  360 


Station. 

Arc 
Dis- 
tance. 

Chords. 

Deflection 
Angles. 

v-t                  • 

Right. 

Centre. 

Left. 

KemarKS. 

12+33-79 

11  +  88. 20 
11  +  42.60 
10+97.00 

10+51.40 

45.60 

45.60 
45.60 
45.60 

53." 

53-11 
53-" 
53-" 

45-52 

45-52 
45-52 
45-52 

37-93 

37-93 
37-93 
37-93 

2l«  46'  15" 

16    19   42 

10    58     8 

5    26  34 

P.  T. 
Curve  < 
P.  C. 

Street  80  ft.  wide. 

/?=«240ft. 

r=9i.03  ft. 

/  =43°  32' 30" 
.  To  the  left 

It  will  be  seen  that  the  above  notes  locate  points  on  all  the 
three  curves  in  sets  of  three,  each  set  being  on  a  single  radial 
line. 


PROBLEM  2.     FIELD  NOTES  OF  RIGHT-SIDE  CURVE.     ART.  361. 


Station. 


12  +  64.18 
M+51.40 
12+  1.40 
II  +  51.40 
11+  1.40 
10+51.40 


Arc 
Distance. 

Chord 
Distance. 

12.78 

12.75 

50 

49-93 

50 

49-93 

50 

49-93 

50 

49-93 

Deflection 
Angles. 


21°  46'  15" 
20     27    48 
15     20    51 
lo*   13   54 

5      6   57 


Remarks. 


P.  T.     Right  side  of  street. 
/?=28o 
T=  106.20 

/  =43°  32'  30" 
Z<  =  212.78 
Curves  to  the  left. 


Curve  ' 


P.  C. 


363.  When  the  whole  Curve  is  Not  Visible  from  One  End. 
In  cities,  buildings  are  very  likely  to  prevent  running  the  entire 
curve  from  a  single  transit  station.  When  this  is  the  case,  the 
curve  is  run,  as  shown  in  Art.  359,  until  the  obstacle  is  reached, 
the  last  point  being  very  carefully  set,  as  at  rf.  Fig.  190.  The 
transit  is  then  set  up  over  such  forward  point  d  and  the  vernier 
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set  to  read  the  old  deflection  angle  VAdj  on  the  proper  side  of  o*^. 
The  instrument  is  next  sighted  and  clamped  on  the  first  transit 
station  Ay  by  the  lower  motion. .  It  will  be  seen  that,  if  the  alidade 
be  now  turned  by  the  upper  motion  until  the  vernier  reads  o°, 
the  line  of  sight  must  be  on  the  tangent  to  the  curve. 

The  telescope  is  now  reversed  and  the  remainder  of  the  curve 
from  d  to  B  is  run,  using  the  same  deflection  angles  and  chord 


Fio.  190. — Whole  Curve  not  Visible  from  P.C. 


distance  as  if  dB  were  a  separate  curve.  In  hilly  land  long  cun'es 
may  require  several  such  turning-points. 

Instead  of  the  above,  some  engineers  prefer  the  following 
method:  After  the  transit  has  been  set  at  the  forward  point  rf, 
the  vernier  is  set  at  o®  and  clamped  on  A.  The  deflection  angle 
VAe  is  now  laid  off,  the  telescope  transited  and  the  point  e  set 
on  line  at  the  proper  chord  distance.  The  next  point  B  would 
be  set  by  laying  of!  the  deflection  angle  VAB. 

364-  Street  Cross-Section.  All  streets  should  have  a  crown 
in  order  to  insure  the  drainage  of  surface  water  which  would 
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injure  the  pavement  or  impede  transportation.^  The  amount  of 
crown  depends  upon  the  kind  of  paving,  the  longitudinal  and 
traverse  profile,  etc.  For  example,  in  New  York  the  standard 
crown  for  asphalt  streets  is  ^  J^  of  the  distance  between  curbs, 
(about  i  inch  per  foot  of  half  width),  while  for  brick  or  granite, 
the  crown  is  tj*^  of  the  half  width,  or  f  inch  per  foot.  In  Chicago 
the  standard  crown  for  asphalt,  brick,  or  granite  block  varies 
from  2  per  cent  to  5  per  cent  of  the  half  width,  while  for  macadam 
the  crown  varies  between  4  and  8  per  cent  of  half  width.  The 
above  rules  are  modified  when  the  two  sides  of  the  street  are  of 
unequal  heights.  Byrne's  "Highway  Construction"  gives  the 
following  crown  for  different  pavements: 

Kind  of  Surface.  Ratio  of  Rise  to  Width  of  Carriageway. 

Earth 1-40 

Gravel 1-50 

Broken  stone 1-60 

Stone  block,  brick,  and  asphalt 1-80 

Wood i-ioo 

The  form  of  the  road  surface  is  sometimes  two  planes  from 
gutter  to  centre,  but  more  often  the  surface  has  the  curved  form 
of  either  the  circle  or  the  parabola.  ^  The  curved  cross-section 
gives  a  flatter  surface  in  the  centre  of  the  street  and  does  not 
wear  concave  on  the  sides  as  quickly  as  the  plane  surface. 

The  first  step  in  paving  a  street  should  be  the  setting  of  the 
curbs,3    This  is  followed  by  setting  the  grade  stakes  for  the  sub- 

*  See  Chapter  X  of  Baker's  "Roads  and  Pavements"  for  an  excellent  explana- 
tion of  the  means  of  securing  street  drainage. 

'  For  the  usual  limits  of  a  city  street  these  two  curves  practically  coincide, 
but  the  parabola  is  easier  to  compute.  Thus  to  compute  the  ordinate  of  any 
point  X  (Fig.  187)  from  the  tangent  ^'C,  we  have  from  the  equation  of  a  parabola, 

P 
XX'=^ABX  — 
W 

2 

•  Concrete  curb  and  gutter  are  cheapest  and  retain  their  position  better  than 
stone  curbs. 
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grade,  later  the  top  grade  of  the  foundation,  and  finally  that  of 
the  finished  pavement.  If  the  pavement  does  not  exceed  40  feet 
in  width,  a  template  can  be  prepared  to  the  desired  cross-section, 
and  used  with  its  ends  resting  on  the  gutter  and  its  centre  grade 


Fig.  191. — Cross-section  on  Level  Ground. 

Stake.    In  the  case  of  very  wide  pavements,  additional  grade 
stakes  need  to  be  driven,  at  half-  and  quarter-distance  points. 

As  stated  in  Art.  354,  wherever  possible,  an  eflfort  is  made  to 
design  opposite  curbs  of  equal  height  (Fig.  191).    This  can  be 


Fig.  192. — Cross-section  of  Street,  on  Side  Hill. 

done  even  on  streets  with  moderate  side  slope  by  placing  one 
sidewalk  higher  than  the  other,  thereby  requiring  a  different 
grade  for  the  parking  on  the  two  sides.     Sometimes  a  small 


Fig.  193. — Cross-section  of  Street,  on  Side  Hill. 

difference  of  level  is  overcome  by  raising  the  curb  and  increasing 
the  depth  of  the  gutter  on  the  higher  sid^  and  lowering  the  curb 
on  the  lower  side^  but  keeping  the  crown  of  the  pavement  in  the 
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centre  of  the  pavement.  Such  an  arrangement  is  shown  in 
Fig.  192.  More  frequently  in  such  cases  the  crown  is  moved 
toward  the  high  side  of  the  street,  as  shown  in  Fig.  193. 

The  details  of  such  work  and  the  many  exceptional  cases 
properly  belong  to  a  treatise  on  pavement.* 

365.  Surveys  for  Sewers.  Because  of  the  fact  that  the  flow 
of  sewage  must  be  by  gravity,  the  location  of  the  sewers  must  be 
carefully  studied  in  order  to  secure  their  eflScient  working.  The 
topographic  map  has  been  referred  to  (Art.  343),  as  furnishing  a 
valuable  basis  for  a  sewer  design.  If  this  is  not  available, 
sufficient  levels  must  be  run  to  secure  accurate  profiles  of  all 
streets  concerned.  It  is  usual  to  divide  the  city  up  into  sewer 
districts,  the  limits  of  which  depend  upon  the  topography.  The 
grades  of  the  main  trunk  sewers  are  determined  by  the  elevation 
of  the  outfall  and  the  lowest  district  that  must  be  sewered.  When 
the  profiles  are  platted  the  sewer  grade  lines  are  drawn  on  same 
in  red,  after  which  the  necessary  excavation  can  be  computed. 
The  Ime  of  the  sewer  should  be  laid  out  with  transit  and  tape, 
the  line  stakes  being  driven  level  with  the  ground  and  at  least 
one  foot  beyond  the  side  of  the  excavation,  at  intervals  of  from 
25  or  50  feet.  If  construction  is  not  to  follow  promptly,  these 
stakes  should  be  carefully  referenced  to  building  and  street  lines. 

366.  The  Sewer  Field  Notes.  The  main  points  noted  in  the 
transit  notes  are  (i)  the  location  of  the  sewer  with  reference  to 
the  centre  line  of  the  street;  (2)  the  pluses  of  all  changes  in 
alignment;  (3)  the  deflection  angles  or  azimuths  at  each  change 
in  direction;  (4)  the  intersection  of  both  Imes  of  all  crossing 
streets;  (5)  the  intersection  with  all  stream  or  railroad  crossings 
or  anything  which  could  affect  the  construction  work. 

The  level  notes  should  show  the  levels  at  25-  or  50-foot  inter- 
vals. In  addition,  where  there  is  much  side  slope,  elevations 
should  be  taken  of  curb  lines  and  also  of  the  bottoms  of  any  cel- 


»  See  Baker's  "  Roads  and  Pavements,"  Chapter  X,  Street  Design.    See  also 
Trans.  Am.  Soc.  C.E.,  Vol.  XLII,  pp.  1-27. 
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lars,  especially  on  the  lower  side.  It  is  also  useful  to  determine 
the  elevation  of  the  ground  water  from  nearby  wells.  The  fol- 
lowing are  the  notes  used  on  sewer  construction,  although  there 
is  little  uniformity  in  the  form  used  in  different  cities. 

FIELD  NOTES  OF  SEWER  GRADES,  MILTON  STREET,   PARK  TO 

BROOKS.     June  14,  1910. 


B.S.  on  B.M, 

and 

Stations. 


B.M. 0.54 

o 

I 

2 

3 

4 

5 

6 

T.P 

10.46 

7 


F.S. 

Elevation 

of 

Stake. 

0.92  H.L 

9.38 

6.27 

3.65 

5.79 
5.26 

4.13 
4.66 

4.94 

4.98 

4.77 
4.46 
4.06 

5.15 
5.46 
5.86 

0.31 
20.07  H.L 

9.61 

10.89 

9.18 

Elevation 

of 

Sewer  Invert. 


+ 


.88 


Below 
Grade 
Stake. 


.10 

3.75 

.04 

4.09 

.18 

4.48 

.32 

4.66 

.46 

4.69 

.60 

4.86 

.74 

5." 

8.30 


Grade  Line 

Below 
Guide  Line. 


4.25  ^ 

3.91  8 

3.52  « 
3-34   I 

3.14  5 

2.88 


6.70 


Of!-set 

of  Guide 

Line. 


8  ft. 


15  ft. 


The  description  and  elevation  of  the  B.M's.  would  appear  in  the  right-hand 
page,  only  part  of  which  is  shown.  To  save  space  the  usual  H.L  column  is  here 
omitted  and  the  H.L  set  in  full-face  type  and  put  in  the  F.S.  column.  The  B.S. 
also  is  placed  in  the  station  column  for  a  similar  reason.  No  confusion  need 
result  however. 

367.  Maps  and  Profiles.  The  profiles  are  prepared  on  the 
engraved  profile  paper,  and  show  any  borings,  the  pluses  of  all 
intersecting  streets,  manhole  locations,  etc.  The  map  will  show 
the  location  of  the  sewers  and  their  size  as  well  as  the  location 
of  manholes,  lampholes,  flush  tanks,  house  connections,  etc. 
(see  Fig.  194). 

The  alignment  of  the  sewer  is  shown  between  manholes. 
The  figures  within  the  street  limits  are  the  distances  from  the 
manholes  to  the  house  connections.  The  figures  opposite  the 
end  of  the  house  connections  locate  their  outer  ends.  The  house 
numbers  are  also  put  on  the  lots  for  convenience  of  future  ref- 
erence. 


METHODS  OF  PLANE  SURVEYING 


491 


1 


f       5  gi  3  i  §  I 


^  zMLNio^insVivuaiv-i 


a   ^ 


lOOS 

1 

CD 

fiooe 

0(^)6 

0) 

CO 

60(s; 

00 

rgioe 

nor. 

'^ 

CO 

< 

zioe 

fiioe: 

to 

Q 

Tr«: 

sso? 

eo 

< 

«W 

o?nr. 

t- 

O 

6»)s; 

oeop 

00 

% 

0> 

§ 

492  SURVEYING 


368.  Indexing  the  City  Plans  and  Records.  The  best 
practice  demands  that  original  field  books  and  all  similar  records 
shall  be  kept  in  a  fire-proof  vault.  All  plans  and  profiles  should 
be  indexed  and  filed  according  to  some  good  system.  This 
requires  that  the  numbering  of  the  plans  should  be  designed  so 
as  to  show  by  the  number,  the  character  of  the  drawing,  i.e., 
whether  the  original,  the  tracmg,  or  a  print.  The  card  catalogue 
system,  because  of  its  flexibility,  is  recommended  for  keeping 
track  of  the  drawings. 

The  best  way  of  filing  plans  is  to  keep  them  flat  wherever 
possible.  This  is  made  possible  by  requiring  standard  sizes  of 
drawmgs.  Plans  so  filed  have  the  index  number  in  the  proper 
comer.  Some  city  ofiices  require  that  a  drawing  shall  be  placed 
in  its  proper  order  as  well  as  in  its  proper  drawer.  Rolled  draw- 
ings should  have  their  mark  on  both  ends.  For  detail  information 
regarding  such  a  system,  see  an  article  in  Engineering  Record, 
Feb.  8,  1908,  entitled,  "A  System  of  Filing  Engineer's  Notes  and 
Records." 
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CHAPTER  XIII 


THE   MEASUREMENT  OF   VOLUMES 


369.  PropositioiL  The  volume  of  any  doubly-truncated  prism 
or  cylinder y  bounded  by  plane  ends,  is  equal  to  the  area  of  a  right 
section  into  the  length  of  the  element  through  the  centres  of  gravity 
of  the  bases,  or  it  is  equal  to  the  area  of  either  base  into  the  altitude 
of  the  element  joining  the  centres  of  gravity  of  the  bases,  measured 
perpendicular  to  that  base. 

Let  ABCD,  Fig.  195,  be  a  cylinder,  cut  by  the  planes  OC 
and  OB,  the  unsymmetrical  right  section  EF  being  shown  in 


^^-^V    


-X 


Fig.  195. 

plan  in  E'F\  Whatever  position  the  cuttmg  planes  may  have, 
if  they  are  not  parallel  they  will  intersect  in  a  line.  This  line 
of  intersection  may  be  taken  perpendicular  to  the  paper,  and 
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the  body  would  then  appear  as  shown  in  the  figure,  the  line  of 
intersection  of  the  cutting  planes  being  projected  at  O. 

Let  ^  =area  of  the  right  section; 

J  A  =any  very  small  portion  of  this  area; 
jc= distance  of  any  element  from  O; 
then  ajc  =  height  of  any  element  at  a  distance  x  from  O. 

An  elementary  volume  would  fhen  be  axJA,  and  the  total 
volume  of  the  solid  would  be  HaxJA. 

Again,  the  total  volume  is  equal  to  the  mean  or  average  height 
of  all  the  elementary  volumes  multiplied  by  the  area  of  the  right 
section. 

The  mean  height  of  the  elementary  volumes  is,  therefore, 

l,axJA     a^xJA      ^       ^xJA    .      ,       ,.  ^         ^  , 

—  = — .     But  — - —   is  the  distance  from  O  to  the 

A  A  A 

centre  of  gravity,  G,  of  the  right  section,^  and  a  times  this  dis- 
tance is  the  height  of  the  element  LK  through  this  point.  There- 
fore, the  mean  height  is  the  height  through  the  centre  of  gravity 
of  the  base,  and  this  into  the  area  of  the  right  section  is  the 
volume  of  the  truncated  prism  or  cylinder.  The  truth  of  the 
alternative  proposition  can  now  readily  be  shown. 

Corollary.  When  the  cylinder  or  prism  has  a  symmetrical 
cross-section,  the  centre  of  gravity  of  the  base  is  at  the  centre 
of  the  figure,  and  the  length  of  the  line  joining  these  centres 
is  the  mean  of  any  number  of  symmetrically  chosen  exterior 
elements.  For  instance,  if  the  right  section  of  the  prism  be  a 
regular  polygon,  the  height  of  the  centre  element  is  the  mean 
of  the  length  of  all  th*^  edges.  This  also  holds  true  for  paral- 
lelograms, and  hence  for  rectangles.  Here  the  centres  of  gravity 
of  the  bases  lie  at  the  intersections  of  the  diagonals;  and  since 
these  bisect  each  other,  the  length  of  the  line  joining  the  inter- 

*  This  is  shown  in  mechanics,  and  the  student  may  have  to  take  it  for  granted 
temporarily. 
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sections  b  the  mean  of  the  lengths  of  the  four  edges.    The  same 
is  true  of  triangular  cross-sections. 

370.  Grading  over  Extended  Surfaces.  Lay  out  the  area 
in  equal  rectangles  of  such  a  size  that  the  surfaces  of  the  several 
rectangles  may  be  considered  planes.  For  conunon  rolling 
ground  these  rectangles  should  not  be  over  50  feet  on  a  side. 
Let  Fig.  196  represent  such  an  area.  Drive  pegs  at  the  comers, 
and  find  the  elevation  of  the  ground  at  each  intersection  by 
means  of  a  level,  reading  to  the  nearest  tenth  of  a  foot,  and  referring 
the  elevations  to  some  datum  plane  below  the  surface  after  it  is 
graded.    When  the  grading  is  completed,   relocate   the  inter- 


9 
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Fig.  196. 

sections  from  witness  points  that  were  placed  outside  the  limits 
of  grading,  and  again  find  the  elevations  at  these  points.  The 
several  differences  are  the  depths  of  excavation  (or  fill)  at  the 
corresponding  comers.  The  contents  of  any  partial  volume 
is  the  mean  of  the  four  comer  heights  into  the  area  of  its  cross- 
section.  But  since  the  rectangular  areas  were  made  equal,  and 
since  each  comer  height  will  be  used  as  many  times  as  there  are 
rectangles  joining  at  that  comer,  we  have,  in  cubic  yards. 


4X27 


•  (1) 


The  subscripts  denote  the  number  of  adjoining  rectangles 
the  area  of  each  of  which  is  ^. 
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From  this  equation  we  may  frame  a 

Rule. — Take  each  comer  height  as  many  times  as  there 
are  partial  areas  adjoining  it,  add  them  all  together,  and  mul- 
tiply by  one-fourth  of  the  area  of  a  single  rectangle.  This  gives 
the  volume  in  cubic  feet.  To  obtain  it  in  cubic  yards,  divide 
by  twenty-seven. 

If  the  ground  be  laid  out  in  rectangles,  30  feet  by  36  feet, 

then  =  — r-==io:    and  if  the  elevations  be  taken  to  the 

4X27     108 

nearest  tenth  of  a  foot,  then  the  sum  of  the  multiplied  comer 

heights,  with  the  decimal  point  omitted,  is  at  once  the  amoimt 

of  earthwork  in  cubic  yards.    This  is  a  common  way  of  doing 

this  work.     In  borrow-pits,  for  which  this  method  is  peculiarly 

fitted,  the  elementary  areas  would  usually  be  smaller. 


1 
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• 

In  general,  on  rolling  ground,  a  plane  cannot  be  passed 
through  the  four  comer  heights.  We  may,  however,  pass  a 
plane  through  any  three  points,  and  so  with  four  given  points 
on  a  surface  either  diagonal  may  be  drawn,  which  with  the 
bounding  lines  makes  two  surfaces.  If  the  ground  is  quite 
irregular,  or  if  the  rectangles  are  taken  pretty  large,  the  sur- 
veyor may  note  on  the  ground  which  diagonal  would  most 
nearly  fit  the  surface.  Let  these  be  sketched  in  as  shown  in 
Fig.  197.  Each  rectangular  area  then  becomes  two  triangles, 
and  when  computed  as  triangular  prisms  each  comer  height 
at  the  end  of  a  diagonal  is  used  twice,  while  the  two  other 
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comer   heights  are   used   but  once.    That   is,   twice  as  much 

weight  is  givea  to  the  comer  heights  on  the  diagonals  as  to  the 

others.     In  Fig.  197  the  same  area  as  that  in  Fig.  196  is  shown, 

with  the  diagonals  drawn  which  best  fit  the  surface  of  the  ground. 

The  numbers  at  the  comers  indicate  how  many 

times  each   height  is  to  be  used.     It  will  be 

seen  that  each  height  is  used  as  many  times  as 

there  are  triangles  meeting  at  that  comer.    To 

derive  the  formula  for  this  case,  take  a  single 

rectangle,  as  in  Fig.  198,  with  the  diagonal 

joining  comers  2  and  4.    Let  A  be  the  area 

of  the  rectangle.     Then  from  the  corollary,  p.  496,  we  have 

for  the  volume  of  the  rectangular  prism,  in  cubic  yards, 


Fig.  198. 


2X27\         3  3         / 
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{hi-\-2h2^-hz-\-2h^ 


(2) 


For  an  assemblage  of  such  rectangular  prisms  as  shown  in 
Fig.  197,  the  diagonals  being  drawn,  we  have,  in  cubic  yards. 


F= 


6X27 


[2*1  +  22*2  +  32*34-42*4  +  52*6 


+62*6  +  72*7+82*8];    ....     (3) 

where  A  is  the  area  of  one  rectangle,  and  the  subscripts  denote 
the  number  of  triangles  meeting  at  a  comer. 

As  a  check  on  the  numbering  of  the  comers.  Fig.  197,  add 
them  all  together  and  divide  by  six.  The  result  should  be  the 
number  of  rectangles  in  the  figure.  In  this  case,  if  the  rectangles 
be  taken  36  feet  by  45  feet,  or,  better,  40  feet  by  40.5  feet,  then 
the  sum  of  the  multiplied  heights  with  the  decimal  point  omitted 
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is  the  number  of  cubic  yards  of  earthwork,  the  comer  heights 
having  been  taken  out  to  tenths  of  a  foot. 

The  method  by  diagonals  is  more  accurate  than  that  by 
rectangles  simply,  the  dimensions  being  the  same;  or,  for  equal 
degrees  of  exactness  larger  rectangles  may  be  used  with  diagonals 
than  without  them,  and  hence  the  work  materially  reduced. 
In  any  case  some  degree  of  approximation  is  necessary. 


TT 


Fig.  199. 

371.  Approximate  Estimates  by  Means  of  Contours.    {A) 

Whenever  an  extended  surface  of  irregular  outline  is  to  be  graded 
down,  or  filled  up  to  a  given  plane  (not  a  warped  or  curved  sur- 
face), a  near  approximation  to  the  amount  of  cut  or  fill  may  be 
made  from  the  contour  lines.  In  Fig.  199  the  full  curved  lines 
are  contours,  showing  the  original  surface  of  the  ground.  Every 
fifth  one  is  numbered,  and  these  were  the  contours  shown  on 
the  original  plat.  Intermediate  contours  one  foot  apart  have 
been  interpolated  for  the  purposfe  of  making  this  estimate.    The 
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figures  around  the  outside  of  the  bounding  lines  give  the  eleva- 
tions of  those  points  after  it  is  graded  down.  The  straight  lines 
join  points  of  equal  elevation  after  grading;  and  since  this  sur- 
face is  to  be  a  plane  these  lines  are  surface  or  contour  lines  after 
grading.  Wherever  these  two  sets  of  contour  lines  intersect, 
the  difference  of  their  elevations  is  the  depth  of  cut  or  fill  at  that 
point.  If  now  we  join  the  points  of  equal  cut  or  fill  (in  thb  case 
it  is  all  in  cut),  we  obtain  a  new  set  of  curves,  shown  in  the 
figure  by  dotted  lines,  which  may  be  used  for  estimating  the 
amount  of  earthwork.  The  dotted  boundaries  are  the  hori- 
zontal projections  of  the  traces  on  the  natural  surface  of  planes 
parallel  to  the  final  graded  surface  which  are  uniformly  spaced 
one  foot  apart  vertically.  These  projected  areas  are  measured 
by  the  planimeter  and  called  Au  -42,  -43,  etc.  Each  area  is 
bounded  by  the  dotted  line  and  the  bounding  lines  of  the  figure, 
since  on  these  bounding  lines  all  the  projections  of  all  the  traces 
unite,  the  slope  here  being  vertical.  For  any  two  adjoining 
layers  we  have,  by  the  prismoidal  formula  ^  as  well  as  by  Simp- 
son's one-third  rule, 

h 
3 

where  h  is  the  common  vertical  distance  between  the  projected 
areas. 

For  the  next  two  layers  we  would  have,  similarly, 

h 
r3-r,-=-(43+4^-l-i45); (2) 

3 
or  for  any  even  number  of  layers  we  would  have,  in  cubic  yards, 

h 

F  = (.4  1  4-4^^2-^2^3+4^14  +  2^5+    ....    A„),    .     (3) 

3x27 


*  For  the  demonstration  of  the  prismoidal  formula  see  Art.  372. 
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where  n  is  an  odd  number,  h  and  A  being  in  feet  and  square 
feet  respectively. 

(B)  Whenever  the  final  surface  is  not  to  be  a  plane,  but 
warped,  undulating,  or  built  to  regular  outlines  like  a  fortifi- 
cation, a  reservoir  embankment,  or  terraced  grounds,  a  differ- 
ent method  should  be  employed. 

In  the  former  method  the  areas  bounded  by  the  dotted  lines  were 
areas  cut  out  by  planes  parallel  to  the  final  plane  surface,  passed 
one  foot  apart  vertically.  But  since  the  map  shows  only  the  hori- 
zontal projections  of  these  planes,  these  projections,  multiplied  by 
the  vertical  distance  between  them,  would  give  the  true  vohmies. 

When  the  final  surface  is  not  to  be  a  plane,  proceed  as  fol- 
lows: First  make  a  careful  contour  map  of  the  ground.  Then 
lay  down  on  this  map  a  system  of  contour  lines,  corresponding 
in  elevation  to  the  first  set  of  contours,  but  in  a  different  colored 
ink,  which  will  accurately  represent  the  final  surface  desired. 
This  second  set  of  contours  would  be  a  series  of  straight  lines 
if  a  regular  surface,  composed  of  plane  faces,  was  to  be  con- 
structed, but  would  be  curving  lines  if  the  ground  were  to  be 
brought  to  a  final  curving  or  undulating  surface. 

The  closed  figures  bounded  by  the  two  sets  of  intersecting 
contours  of  the  same  elevation  are  horizontal  areas  of  cut  or  fill, 
separated  by  the  common  vertical  distance  between  contours. 
The  volumes  here  defined  are  oblique  solids  bounded  by  hori- 
zontal planes  at  top  and  bottom,  and  are  a  species  of  prismoid. 
The  volume  of  one  of  these  prismoids  is  found  by  applying  the 
prismoidal  formula  to  it,  finding  the  end  areas  by  means  of  a 
planimeter,  and  taking  the  length  as  the  vertical  distance  between 
contours.  If  the  contours  be  drawn  close  enough  together,  then 
each  alternate  contour  area  may  be  used  as  a  middle  area,  and 
the  length  of  the  prismoid  taken  at  twice  the  vertical  distance 
between  contours;  or  the  volume  may  be  computed  by  either 
of  the  formulas  (12),  (13),  (14),  or  (15)  of  Appendix  C,  where 
the  h^s  would  here  become  the  end  areas  and  /  the  vertical  dis- 
tance between  contours. 
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Example:  Let  it  be  required  to  build  a  square  reservoir  on 
a  hillside,  which  shall  be  partly  in  excavation  and  partly  in 
embankment,  the  ground  being  such  as  shown  by  the  full  con- 
tour lines  in  Fig.  200.^ 


070  060 

Fig.  200. 


650 


The  contours,  for  the  sake  of  simplicity  and  brevity,  are 
spaced  five  feet  apart.  The  top  of  the  wall,  shown  by  the  full 
lines  making  the  square,  is  10  feet  wide  and  at  an  elevation  of 


^  This   figure    is   taken    from   a    paper  dest  ribing    the  method   by  Professor 
William  G.  Raymond. 
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660  feet.  The  reservoir  is  20  feet  deep,  with  side  slopes,  both 
inside  and  outside,  of  two  to  one,  making  the  bottom  elevation 
640  feet,  and  20  feet  square,  the  top  being  100  feet  square  on 
the  inside.  The  dotted  lines  are  contours  of  the  finished  slopes, 
both  inside  and  out,  at  elevations  shown  in  the  figure.  The 
areas  in  fill  all  fall  within  the  broken  line  marked  abcdefghik, 
and  the  cut  areas  all  fall  within  the  broken  line  marked  abcdefgo. 
These  broken  lines  are  grade  lines.  The  horizontal  sectional 
areas  in  fill  and  cut  are  readily  traced  by  following  the  closed 
figures  formed  by  contours  of  equal  elevation,  thus: 

At  640-foot  level  sectional  area  in  fill  is  psL 

''  650    ''      ''  ''  ''         ''       ImnuvxL 

''    650     ''         ''  ''  ''  cutis  12SUX. 


The  other  areas  are  as  easily  traced.  In  the  figure  the  lines 
have  all  been  drawn  in  black.  In  practice  they  should  be  drawn 
in  different  colors  to  avoid  confusion. 

This  second  method  should  be  used  in  all  cases  where  the 
graded  area  is  considerable  and  the  final  relief  form  is  not  a 
plane.  If  the  contours  be  carefully  determined  and  be  taken 
near  enough  together,  the  method  will  give  as  accurate  results 
as  may  be  obtained  in  any  other  way.  The  volume  may  be 
computed  by  Eq.  (3)  of  this  article,  where  the  areas  are  the 
horizontal  sectional  areas  bounded  by  contours  of  equal  eleva- 
tion, and  h  is  the  vertical  distance  between  contours. 

WTien  these  methods  are  used  for  final  estimates,  the  con- 
tours should  be  carefully  determined,  and  spaced  not  more  than 
2  feet  apart  on  steep  slopes  and  i  foot  apart  on  low  slopes. 

372.  The  Prismoid  is  a  solid  having  parallel  end  areas, 
and  may  be  composed  of  any  combination  of  prisms,  cylinders, 
wedges,  pyramids,  or  cones  or  frustums  of  the  same,  whose 
bases  and  apices  lie  in  the  end  areas.  It  may  otherwise  be 
defined  as  a  volume  generated  by  a  right-line  generatrix  monng 
on  the  bounding  lines  of  two  closed  figures  of  any  shapes  which 
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lie  in  parallel  planes  as  directrices,  the  generatrix  not  neces- 
sarily moving  parallel  to  a  plane  director.  Such  a  solid  would 
usually  be  bounded  by  a  warped  surface,  but  it  can  always  be 
subdivided  into  one  or  more  of  the  simple  solids  named  above. 

Inasmuch  as  cylinders  and  cones  are  but  special  forms  of 
prisms  and  pyramids,  and  warped  surface  solids  may  be  divided 
into  elementary  forms  of  them,  and  since  frustums  may  also 
be  subdivided  into  the  elementary  forms,  it  is  sufficient  to  say 
that  all  prismoids  may  be  decomposed  into  prisms,  wedges, 
and  pyramids.  If  a  formula  can  be  found  which  is  equally 
applicable  to  all  of  these  forms,  then  it  will  apply  to  any  com- 
bination of  them.     Such  a  formula  is  called 

373.  The  Prismoidal  Formula. 

Let  i4=  area  of  the  base  of  a  prism,  wedge,  or  pyramid; 
^1^  TO  J -4  2  =  the  end  and  middle  areas  of  a  prismoid,  or  of  any 

of  its  elementary  solids; 
A  =  altitude  of  the  prismoid  or  elementary  solid. 

Then  we  have. 
For  Prisms, 

V-^hA=^{(A,^^Am^A2) (i) 

o 

For  Wedges, 

hA     h    ^  ^         ,  ^  ,  ^ 

F^  — =-(/li+4^TO+^2) (2) 

2  6 

For  Pyramids, 

F  =  —  =^(^l+4^m+^2) (3) 

3  o 

WTience  for  any  combination  of  these,  having  all  the  common 
altitude  A,  we  have 

h 

F  =  -(/li-f4^^4-^2), (4) 

o 

which  is  the  prismoidal  fo  mula. 
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It  will  be  noted  that  this  is  a  rigid  formula  for  all  prismoids. 
The  only  approximation  involved  in  its  use  is  in  the  assump- 
tion that  the  given  solid  may  be  generated  by  a  right  line  moving 
over  the  boundaries  of  the  end  areas. 

This  formula  is  used  for  computing  earthwork  in  cuts  and 
fills  for  railroads,  streets,  highways,  canals,  ditches,  trenches, 
levees,  etc.  In  all  such  cases,  the  shape  of  the  figure  above 
the  natural  surface  in  the  case  of  a  fill,  or  below  the  natural 
surface  in  the  case  of  a  cut,  is  previously  fixed  upon,  and  to 
complete  the  closed  figure  of  the  several  cross-section  areas 
only  the  outline  of  the  natural  surface  of  the  ground  at  the  sec- 
tion remains  to  be  found.  These  sections  should  be  located 
so  near  together  that  the  intervening  solid  may  fairly  be  assumed 
to  be  a  prismoid.  They  are  usually  spaced  loo  feet  apart,  and 
then  intermediate  sections  taken  if  the  irregularities  seem  to 
require  it. 

The  area  of  the  middle  section  is  never  the  mean  of  the 
two  end  areas  if  the  prismoid  contains  any  pyramids  or  cones 
among  its  elementary  forms.  When  the  three  sections  are 
similar  in  form,  the  dimensions  of  the  middle  area  are  always 
the  means  of  the  corresponding  end  dimensions.  This  fact 
often  enables  the  dimensions,  and  hence  the  area  of  the  middle 
section,  to  be  computed  from  the  end  areas.  Where  this  cannot 
be  done,  the  middle  section  must  be  measured  on  the  ground, 
or  else  each  alternate  section,  where  they  are  equally  spaced, 
is  taken  as  a  middle  section,  and  the  length  of  the  prismoid  taken 
as  twice  the  distance  between  cross-sections.  For  a  continuous 
line  of  earthwork,  we  would  then  have,  in  cubic  yards. 


/ 

K  = (^i-f4i42  +  2i43-h 4^4  +  2/1.5+4^6    .    .     +-4„),      .       (l) 

3X27 


where  I  is  the  distance  between  sections  in  feet.     This  is  the 
same  as  Eq.   (3),  p.  501.     Here  the  assumption   is  made  that 
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the  volume  lying  between  alternate  sections  conforms  sufficiently 
near  to  the  prismoidal  forms. 

374.  Areas  of  Cross-Sections.  In  most  cases,  in  practice  at 
least,  three  sides  of  a  cross-section  are  fixed  by  the  conditions  of 
the  problem.  These  are  the  side  slopes  in  both  cuts  and  fills, 
the  bottom  in  cuts  and  the  top  in  embankments,  or  fills.  It 
then  remains  simply  to  find  where  the  side  slopes  will  cut  the 
natural  surface,  and  also  the  form  of  the  surface  line  on  the 
given  section.  Inasmuch  as  stakes  are  usually  set  at  the  points 
where  the  side  slopes  cut  the  surface,  whether  in  cut  or  fill,  such 
stakes  are  called  slope-stakes,  and  they  are  set  at  the  time  the 
cross-section  is  taken.  The  side  slopes  are  defined  as  so  much 
horizontal  to  one  vertical.  Thus  a  slope  of  ij  to  i  means  that 
the  horizontal  component  of  a  given  portion  of  a  slope  line  is 
i\  times  its  vertical  component,  the  horizontal  component  always 
being  named  first.  The  slope  ratio  is  the  ratio  of  the  horizontal 
to  the  vertical  component,  and  is  therefore  always  the  same  as 
the  first  number  in  the  slope  definition.  Thus  for  a  slope  of 
li  to  I  the  slope  ratio  is  i  J. 

375.  The  Centre  and  Side  Heights.  The  centre  heights 
are  found  as  follows:  Place  in  one  column  of  the  notebook  the 
surface  elevation  of  the  ground  at  the  centre  stake,  as  given  in 
the  level  book.  Then  take  ofif  from  the  profile  the  elevation 
of  the  points  of  change  of  grade  only,  and  compute  the  elevation 
of  grade  at  each  station,  from  the  known  distance  and  grade. 
Place  these  elevations  of  grade  in  a  column  alongside  the  first. 
Then  take  the  differences  and  put  in  a  third  column  as  the  centre 
heights.  These  centre  heights,  together  with  the  width  of  base 
and  side  slopes  in  cuts  and  in  fills,  ate  the  necessary  data  for 
fixing  the  position  of  the  slope  stakes.  When  these  are  set  for 
any  section  as  many  points  on  the  surface  line  joining  them  may 
be  taken  as  desired.  In  ordinary  rolling  ground  usually  no 
intermediate  points  are  taken,  the  centre  point  being  already 
determined.  In  this  case  three  points  in  the  surface  line  are 
known,  both  as  to  their  distance  out  from  the  centre  line  and 
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as   to  their  height  above  the  grade   line.     Such  sections   are 
called   **  three-level    sections,"  the   surface  lines  being  assumed 
straight  from  the  slope  stakes  to  the  centre  stake, 
376.  The  Area  of  a  Three-level  Section. 

Let  d  and  d'  be  the  distances  out,  and 

h  and  h'  the  heights  above  grade  of  right  and  left  slope 
stakes,  respectively; 
D  the  sum  of  d  and  d',  c  the  centre  height,  r  the 
slope  ratio,  w  the  width  of  bed. 

Then  the  area  ABODE  is  equal  to  the  sum  of  the  four  triangles 
AEwy  BCwy  wCD,  and  wED.     Or, 

w 
{d^-d')c^-{h^-h')- 

A=- ^ (I) 


This  area  is  also  equal  to  the  sum  of  the  triangles  FCD  and 
FED,  mmus  the  triangle  AFB.     Or, 

^  =  (^  +  -    n (2) 

\      2r/D    4r 

Etj.  (2)  can  also  be  obtained  directly  from  Eq.  (i)  by  sub- 
stituting for  h  and  A'  in  (i)  their  values  in  terms  of  d  and   2f , 
w 

d-- 

2 
h  = ,  and  then  putting  D=d+d\     Eq.   (2)   has  but   two 

variables,  c  and  £>,  and  k  the  most  convenient  one  to  use. 

377.  Cross-Sectioning.  It  will  be  seen  from  Fig.  201  that 
there  are  three  elevations  to  be  determined  above  (or  below) 
grade,  and  two  distances  out  to  be  determined.  A  regular  line 
of  levels  is  carried,  checking  on  all  pre-established  benches.    At 
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e  ch  position  of  instrument  from  which  slope  stakes  are  to  be 
set,  the  **  height  of  instrument "  is  taken  out,  and  the  difference 
between  this  and  the  "  elevation  of  grade  "  figured  for  the  several 
sections,  the  "  elevation  of  grade  "  having  been  taken  from  the 
profile,  and  already  entered  up  for  all  stations  and  **  grade  points." 
By  holding  the  rod  at  the  section  on  line  and  taking  a  reading, 
and  subtracting  this  from  the  **  height  of  instrument,"  we  obtain 
"  elevation  of  profile "  at  that  section;  subtracting  this  from 
the  *'  elevation  of  grade  "  for  that  section  in  fills,  and  vice  versa 
in  cuts,  we  obtain  the  amount  of  fill  or  cut,  which  can  be  roughly 
checked  from  the  profile  itself,  if  desired.     The  Railroad  Field 


Fig.  20 1. 


Books  usually  give  forms  for  keeping  these  noes.     If  the  ground 
were  level  transversely,  the  distance  to  the  slope  stakes  would  be 


w 
d  =  cr-\~—, 
2 


But  this  is  not  usually  the  case,  and  hence  the  distance  out 
must  be  found  by  trial.     If  the  ground  slopes 


the  centre  line  in  a 


ffilll 


up 


from 


cut 


•  the  distance  out  will  evidently  be  more 


than  that  given  by  the  above  equation,  and  vice  versa.  The 
rodman  estimates  this  distance,  and  holds  his  rod  at  a  certain 
measured  distance  out,  di.    The  observer  reads  the  rod,  and 
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deducts  the  reading  from  the  height  of  instrument  above  grade 

(or  adds  it  to  the  depth  of  instrument  below  grade),  and  this 

gives  the  height  of  that  point,  hi,  above  or  below  grade.     Its 

w 
distance  out,  then,  should  be  d=hir-\ — .     If  this  be  more  than 

2 

the  actual  distance  out,  di,  the  rod  is  set  farther  out;  if  less,  it 
is  moved  in.  The  whole  operation  is  a  very  simple  one  in  prac- 
tice, and  the  rodman  soon  becomes  very  expert  in  estimating 
nearly  the  proper  position  the  first  time. 

In  heavy  work — that  is,  for  large  cuts  or  fills,  and  for  irregular 
ground — it  may  be  necessary  to  take  the  elevation  and  distance 
out  of  other  points  on  the  section  in  order  to  better  determine 
its  area.  These  are  taken  by  simply  reading  on  the  rod  at  the 
critical  points  in  the  outline,  and  measuring  the  distances  out 
from  the  centre.  The  points  can  then  be  plotted  on  cross-sec- 
tion paper  and  joined  by  straight  or  by  free-hand  cur\'ed  lines. 
In  the  latter  case  the  area  should  be  determined  by  plani- 
meter. 

378.  Three-level  Sections,  the  Upper  Surface  Consisting 
of  Two  Warped  Surfaces.  If  the  three  longitudinal  Imes 
joining  the  centre  and  side  heights  on  two  adjacent  three-level 
sections  be  used  as  directrices,  and  two  generatrices,  one  on 
each  side  the  centre,  be  moved  parallel  to  the  end  areas  as  plane 
directors,  two  warped  surfaces  are  generated,  every  cross-section 
of  which  parallel  to  the  end  areas  is  a  three-level  section.  These 
same  surfaces  could  be  generated  by  two  longitudinal  genera- 
trices, moving  over  the  surface  end-area  lines  as  directrices. 
The  surface  would  therefore  be  a  prismoid,  and  its  exact  volume 
would  be  given  by  the  prismoidal  formula.  The  middle  area 
in  this  case  is  readily  found,  since  the  centre  and  side  heights 
are  the  means  of  the  corresponding  end  dimensions. 

The  prismoidal  formula,  giving  volumes  in  cubic  yards, 

V=-——(Ai-\-4An.-\-A2)^ (i) 

0X27 
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could  therefore  be  written^ 


12X27  L\       2f/  \       2r/ 


(iv\      1        Iw^ 
Cm+-)Dm\-— .       (2) 
2r/       J     4X27r 


4X27r 

This  equation  is  derived  directly  from  Eq.  (i)  above,  and  Eq. 

w 
(2),  p.   508.     The  quantity  —  is  the  distance  from  the  grade- 
plane  to  the  intersection  of  the  side  slopes,  and  is  a  constant  for 
any  given  piece  of  road.     It  would  have  dififerent  values,  however, 
in  cuts*  and  fills  on  the  same  line. 
For  brevity,  let 

w  ,  Iw^       Iwco     ^ 

—  =  Co;        and        = =  A. 

2r  4X27r     54 

Here  K  is  the  volume  of  the  prism  of  earth,  100  feet  long,  included 
between  the  roadbed  and  side  slopes.     It  is  first  included  in  the 
computation  and  then  deducted.     It  is  also  a  constant  for  a 
given  piece  of  road. 
Eq.  (2)  now  becomes 

I 

y-  —-—[(^1  +^0)£>l  +  (C2  +Co)Z>2  +4(^m  +^0)/^m]  -K,       (3) 
12  /\  27 

where  c^^  and  J9m  are  the  means  of  c\C2  and  D\D2,  respectively. 
This  equation  involves  but  two  kinds  of  variables,  c  and  D, 
and  is  well  adapted  to  arithmetical,  tabular,  or  graphical  com- 
putation. Thus  if  /=ioo;  Z£;=i8;  and  r^i\\  then  Co  =  6; 
and  K=2oo\  and  Eq.  (3)  becomes 

»'  =  W[(^l+6)Z)i  +  (C2  +  6)£>2  +  4(^m+6)P^]-200.       .       (4) 
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If   the  total  centre  heights   (to  intersection  of  side  slopes)  be 
represented  by  Ci,  C2,  and  C^,  then  Eq.  (3)  becomes,  in  general, 

V  =  K'(CiDi+C2D2+4CmD„,)-K,      ...     (5) 

where  K'  =  J^^,  and  is  mdependent  of  width  of  bed  and  of  slopes. 

For  any  given  piece  of  road,  the  constants  Ky  K\  and  co  are 
known,  and  for  each  prismoid  the  Cs  and  Z>'s  are  observed, 
hence  for  any  prismoid  all  the  quantities  in  Eq.  (5)  are  known. 

379.  Construction  of  Tables  for  Prismoidal  Computation. 
If  a  table  were  prepared  giving  the  products  K'CD  for  various 
values  of  C  and  Z>,  it  could  be  used  for  evaluating  Eq.  (3),  which 
is  the  same  as  Eq.  (5).  The  arguments  would  be  the  total 
widths  (J9i),  and  the  centre  heights  (Ci).  Such  a  table  would 
have  to  be  entered  three  times  for  each  prismoid,  first  with  Ci 
and  Di]  second  with  C2  and  D2]  and  finally  with  Cm  and  D„t, 
If  four  times  the  last  tabular  value  be  added  to  the  sum  of  the 
other  two,  and  K  subtracted,  the  result  is  the  true  volume  of  the 
prismoid. 

Table  XI  ^  is  such  a  table,  computed  for  total  centre  heights 
from  I  to  50  feet,  and  for  total  widths  from  i  to  100  feet.  In 
railroad  work  neither  of  these  quantities  can  be  as  small  as  one 
foot,  but  the  table  is  designed  for  use  in  all  cases  where  the  parallel 
end  areas  may  be  subdivided  into  an  equal  number  of  triangles 
or  quadrilaterals. 

Note. — ^To  use  this  table  for  niean-end-area  volumes,  take  out  volumes  for 
the  end  areas  only,  multiply  their  sum  by  three,  and  then  subtract  the  volume  K. 

ExABn»LE  I.  Three-lei'd  Ground  having  two  Warped  Surfaces. — Find  the 
volume  of  two  prismoids  of  which  the  following  are  the  field  notes,  the  width 
of  bed  being  20  feet,  and  the  slopes  ij  to  i. 


*  Modeled  somewhat  after  Crandall's  Tables,  but  adapted  to  give  volumes 
by  the  Prismoidal  Formula  at  once  instead  of  by  the  method  of  mean  end  areas 
first  and  correcting  by  the  aid  of  another  table  to  give  prismoidal  volumes,  as 
Professor  Crandall  has  done. 
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VALUES   OF   c^   /=— )    AND   K    /=J^\    FOR   VARIOUS  WIDTHS 

\     2r/  \     4X27r/ 


4X  27r> 
AND  SLOPES. 


Width 

Slopes. 

1 

1 

of 
Road- 

i  tol. 

ito  1. 

1  to  1. 

1  to  1. 

li  tol. 

H  to  1. 

H  tol. 

2  tol. 

bed. 

1 

Co 
ao 

K 

Co 
10 

AC 

Co 

6.7 

K 

Co 

K 

Co 

a: 

Co 

K 

Co 

K 

Co 

K 

10 

370 

185 

123 

SO 

93 

4.0 

74 

3.3 

63 

3.9 

53 

2.5 

46 

11 

33 

448 

11 

334 

7.3 

149 

5-5 

I  13 

4.4 

90 

3.7 

75 

31 

64 

3.8 

56 

12 

24 

533 

13 

366 

8.0 

178 

6.0 

133 

4.8 

107 

4.0 

89 

3.4 

76 

3.0 

67 

13 

36 

636 

13 

313 

8.7 

309 

6.5 

157 

5.2 

125 

4.3 

104 

3  7 

89 

3.2 

78 

14 

38 

725 

14 

363 

9.3 

343 

7.0 

181 

S.6 

MS 

4.7 

131 

4.0 

104 

3.S 

91 

15 

30 

833 

15 

417 

10. 0 

278 

7-5 

308 

6.0 

167 

50 

139 

4.3 

119 

3.8 

104 

16 

32 

948 

16 

474 

10.7 

316 

8.0 

237 

6.4 

190 

5.3 

IS8 

4.6 

135 

4.0 

118 

17 

34 

1070 

17 

535 

n-3 

357 

8.S 

368 

6.8 

314 

5.7 

178 

4.9 

153 

4.2 

134 

18 

36 

I300 

18 

600 

13. 0 

400 

9.0 

300 

7.2 

340 

6.0 

300 

5.1 

171 

4.5 

150 

10 

38 

U37 

19 

668 

13.7 

446 

9.5 

334 

7.6 

367 

6.3 

333 

54 

.191 

48 

167 

20 

40 

1481 

30 

740 

13  3 

494 

lO.O 

370 

8.0 

396 

6.7 

347 

57 

313 

5.0 

185 

21 

A2 

1633 

3T 

816 

14.0 

544 

to.s 

408 

8.4 

327 

7.0 

373 

6.0 

233 

5.2 

304 

22 

44 

1793 

33 

896 

14.7 

598 

I  I.O 

448 

8.8 

359 

7.3 

299 

6.3 

356 

5.5 

334 

23 

46 

1959 

21 

980 

153 

653 

ii-S 

490 

9.2 

392 

7-7 

326 

6.6 

380 

5.8 

245 

24 

48 

2134 

24 

1067 

16.0 

711 

13. 0 

S34 

9.6 

427 

8.0 

356 

6.9 

305 

6.0 

367 

25 

SO 

2315 

25 

1 1 58 

16.7 

772 

12.5 

579 

to.o 

463 

8.3 

386 

7.1 

331 

6.3 

390 

26 

52 

2504 

36 

1353 

173 

835 

t30 

636 

10.4 

501 

8.7 

417 

7-4 

358 

6.5 

313 

27 

54 

3700 

27 

1350 

18.0 

900 

13.5 

675 

10.8 

540 

9.0 

450 

7-7 

386 

6.8 

338 

28 

56 

3904 

38 

1452 

18.7 

968 

14-0 

736 

11.3 

581 

9-3 

484 

8.0 

415 

7.0 

363 

20 

S8 

3115 

39 

1558 

193 

1038 

14. S 

779 

II.6 

633 

9.7 

519 

8.3 

445 

7.2 

389 

30 

60 

3333 

30 

1667 

30. 0 

1 1 1 1 

150 

833  U2.0 

667 

TO.O 

556 

8.6 

476 

7.5 

417 

Station  11. 


Station  12. 


28. Q^ 
+  12.6 

27.1 
+  11.4 


Station  i2+!;6.    — — '  — 

+  9-5 


+ 

18 

0 

.6 

+ 

14 

0 

.8 

4.VO 

+  22.0 

40.3 

4-20.2 


34.9 


+  10.3         +16  .,6 


From  the  above  table,  giving  values  of  Cq  and  Ky  we  find  for  w=2o,  and 
'h  <^'o=6.7,  and  A'- 247. 


*  The  numerators  are  the  distances  odt,  and  the  <lenominators  are  the  heights 
above  grade,  +  denoting  cut  and  —fill. 
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The  computation  may  be  tabulated  as  follows: 


Sta. 

Width. 

Height. 
C  — c  +  fo. 

Partial  Volume. 

Volume  of 
Prismoid. 

II 
M 

12 

71.9 
69.6 
67.4 

25.3 
23.4 
21.5 

562 
503X4=2012 

447 

M 
124-56 

59.2 

19.2 
17.0 

3021-247 
374X4=1496 
3" 

.56(2254-247) 

2774 
II24 

Entering  the  table  (No.  XT)  for  a  width  of  71  and'a  height  of  25,  we  find  548, 
to  which  add  7  for  the  3  tenths  of  height,  and  7  more  for  the  9  tenths  in  width, 
both  mentally,  thus  giving  562  cu.  yds.  for  this  partial  volume.  Similarly  for 
the  width  67.4,  and  height  21.5,  obtaining  447  cu.  yds.  The  corresponding 
result  for  the  middle  area  is  503,  which  is  to  be  multiplied  by  4,  thus  giving 
2012  cu.  yds.  The  sum  of  these  is  3021  cu.  yds.,  from  which  is  to  be  subtracted 
the  constant  volume  X,  which  in  this  case  is  247  cu.  yds.,  leaving  2774  cu.  yds. 
as  the  volume  of  the  prismoid. 

The  next  prismoid  is  but  56  feet  long,  but  it  is  taken  out  just  the  same  as 
though  it  were  full,  and  then  56  hundredths  of  the  resulting  volume  taken.  The 
data  for  thq  12th  station  is  used  in  getting  this  result  without  writing  it  again 
on  the  page. 

Example  2.  Five-level  Ground  having  four  Warped  Surfaces, — Find  the 
volume  of  a  prismoid  of  which  the  following  are  the  field  notes,  the  width  of  bed 
being  20  feet,  and  the  slopes  ij  to  i: 


II. 


28.9 


15.0 


20.0 


43.0 


+  12.6         +12.0         4-i8.6         +21.0         4-22.0 


12. 


27.1 


12-5 


18.5 


40.3 


fii.4  -I-12.0  +14.8  4-19.6         4-20.2 


This  is  the  same  problem  as  the  preceding,  with  intermediate  heights  added. 
To  compute  this  from  the  table,  it  is  separate<l  into  three  prismoids,  as  shown 
in  Fig.  202. 

1^1  ABDGCFE  \yt  the  cross-section.     This  may  be  separated  into  the  triangle 
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ABC  J  and  the  two  quadrilaterals  BCCD  and  ACFE,     The  area  of  the  triangle  is 
Jcu'.    That  of  the  right  quadrilateral  is,  from  Art.  199,  p.  245. 


Similarly  the  area  of  the  left  quadrilateral  is     i 
The  total  area  of  the  section  then  is 


[(c-Ao/d'jk-^j+yrf'J 


If  the  interior  side  elevations  lie  taken  over  the  edges    of    the  base,   then 

w  w 

d^k and  dk l)oth  become  zero,  and  the  first  and  last  terms  disappear. 

2  2 

Or  if  the  centre  and  extreme  side  heights  are  the  same,  these  terms  go  out.     P^xperi- 

cnce  shows  that  these  terms  can  usually  be  neglected  without  material  error. 


If  they  are  retained,  each  partial  volume  will  Ixj  composed  of  five  terms,  while 
if  they  are  neglected  there  will  Ixj  but  three.  The  signs  of  these  terms  also  must 
be  carefully  attended  to.  When  the  interior  side  readings  are  taken  over  the 
edges  of  the  base,  therefore,  this  equation  becomes 

A^hik'd'h^civ^kdh) (2) 

The  tables  are  well  adapted  to  compute  the  prismoidal  volume  for  five-level 
sections  by  either  of  these  formulie.  Thus,  if  the  adjacent  section  also  has  five 
points  determined  in  its  surface,  its  area  may  be  represented  by  an  equation  similar 
to  one  of  these,  and  from  these  end-area  data  mean  values  may  be  found  for  the 
corresponding  middle-area  points,  and  the  volumes  taken  out  as  l>efore.  In  this 
case  the  prism  included  between  the  roadbed  and  side  slopes,  whose  volume  is  /C, 
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is  not  included,  and  hence  its  volume  is  not  to  be  deducted  from  the  result.     The 
computation  by  Table  XI  of  Eq.  (i)  would  be  as  follows: 


Sta. 

12.6 
12.0 

II. 4 

■''ft- 

28.q 
28.0 
27.1 

12.0 
12.0 
12.0 

ISO 
13-8 
12.5 

I 
c.     d^, 

i8.6'20.o 

i6.7ji9.2 
14.8,18.5 

1 

*•  "ift 

2l.oi430 

20.3  41.6 

iq*^  40.3 

h. 

22.0 
21. 1 
20.2 

Partial  Volumes 

Total 
Volume 

1 1 
M 

12 

+  94- 108+ 1 14  +  27Q— 10  —    500 
4(  +  6+  104  +  101  +  260—  12)  —  1840 

+  3  +  100+     90  +  242—13    ■=     422 

3763 

The  use  of  the  table  is  the  same  as  before.     First  take  out  from  the  table  the 


II 


volume  corresponding  to  (c—h')  I  (/'j^ j  ,  which  when  evaluated  for  section 

is  (18.6—12.6)  (15.0— 10) =6.0X5.0.  This  is  positive,  and  the  volume  corre- 
sponding to  a  depth  of  6.0  feet  and  a  width  of  5.0  feet  is  9  cubic  yards.  Proceed 
to  evaluate  the  remaining  terms  of  Eq.  (i)  in  a  similar  manner,  the  last  term 
coming  out  negative.  The  dimensions  of  the  mid  section  are  the  means  of  the 
corresponding  end  dimensions,  as  before.  If  one  end  area  is  a  three-level  section 
and  the  next  a  five-level  section,  the  included  prismoid  u?  computed  as  a  five-level 
prismoid,  the  vanishing  points  in  the  three-level  section  corresponding  to  the 
interior  side  elevations  on  the  five-level  section  being  indicated  in  the  field.  Par- 
tial stations,  or  prismoids,  are  first  computed  as  though  they  were  100  feel  long 
(for  which  the  table  is  constructed),  and  then  multiplied  by  their  length  and  divided 
by  100  as  before. 

If  Eq.  (2)  may  be  used,  the  work  is  shortened  very  much.  The  columns 
in  h\  d'ky  djc,  and  h^  may  be  omitted,  and  there  will  also  be  but  three  terms  in 
each  partial  product.  Thus,  if  sections  11  and  12  had  been  taken  with  the  interior 
elevations,  each  10  feet  from  the  centre  line,  we  might  have  had  something  as 
follows: 

28.9 


II. 


12. 


10. o 


+  12.6         +15.4 


+  18.0 


27.1 


10. o 


10. 0 

+  19.8 

10. 0 

+  11.4        +12.5        +14.8        +17-4 
The  compulation  then,  by  Eq.  (2),  would  have  been: 


4.^.o 

+  22.0 

40-3 
+  20.2 


Sla.        d\. 


II         28 . 9 
M         28.0 


12 


27.  I 


k'. 

C. 

k. 

dh 

1 

IS. 4  '  18.6 

19.8 

43.0 

14.0  '  16.7 

18.6 

41.6 

'2-5 

14.8 

17-4 

40..^ 

Partial  Volumes. 


137+114+263   =   514 

4  (i 21  +  102  +  239)  =  1848 

104+    90+215   ^    409 


Total 
Volume, 


2771 


METHODS  OF  PLANE  SURVEYING 


517 


By  this  method  the  computation  of  a  five-level  section  is  little  more  trouble 
than  that  of  a  three-level  section,  and  yet  the  intermediate  points  taken  at  a  dis- 


w 


tance  of  —  from  the  centre,  are  apt  to  increase  the  accuracy  considerably  on 

2 

ordinary  rolling  ground. 

380.  Three-level  Sections,  the  Surface  divided  into  four 
Planes  by  Diagonals.  If  the  suriace  included  between  two 
three-level  sections  be  assumed  to 
be  made  up  of  four  planes  formed 
by  joining  the  centre  height  at  one 
end  with  a  side  height  at  the  other 
end  section  on  each  side  the  centre 
line  (Fig.  203),  these  lines  being 
called  diagonals,  an  exact  compu- 
tation of  the  volume  is  readily 
made  without  computing  the  mid 
area.  Two  diagonals  are  possible 
on  each  side  the  centre  line,  but 
the  one  is  drawn  which  is  observed 
to  most  nearly  fit  the  surface.  They  are  noted  in  the  field  when 
the  cross-sections  are  taken. 


Fig.  203. 


The  total  volume  of  such  a  prismoid  in  cubic  ^  yards  is 


6X27L 


(di-{-d,yi  4-  (d2 +d2y2+DC+D'a 


+^(Ai+A2  +  ff  +  V  +  A2'  +  Jf')l/    (i) 


where  ci,  Ai,  and  Ai'  are  the  centre  and  side  heights  at  one  sec- 
tion and  di  and  rfi'  the  distances  out,  62,  /?2',  A2,  ^2,  and  J2'  l)ein,i^ 

*  This  volume  is  made  up  of  six  pyramids,  three  on  each  side  of  the  centre 
plane,  these  having  their  apices  in  the  side  heights  to  which  the  diagonals  are 
drawn,  and  their  bases  in  the  opposite  cross-section,  in  the  central  vertical  plane., 
and  in  the  roadbed  respectively.     The  student  should  derive  the  formula. 
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the  corresponding  values  for  the  other  end  section.  C  and  C 
are  the  centre  heights,  H  and  H'  the  side  heights,  and  D  and 
Z>'  the  distances  out  on  the  right  and  left  diagonals.  Although 
this  formula  seems  long,  the  computations  by  it  are  very  simple. 
Thus  let  the  volume  be  found  from  the  following  field  notes  for 
a  base  of  20  feet  and  side  slopes  i^  to  i. 


^i 


22 


47-S 


.8\ 

.s\ 

+  25 

34 

\o 

\,6 

+  16 

+  4 

+  4 

The  upper  figures  indicate  the  distances  out  and  those  below 
the  lines  the  heights,  the  plus  sign  being  used  for  cuts.  The 
computation  in  tabular  form  is  as  follows: 


Sta. 


I 
2 


d. 

h. 

c. 

h'. 

d'. 

d+d'. 

22 

8 

8 

25 

47.5 

69.5 

34 

16 

4 

4 

16 

50.0 

(d  +  d')c.      DC. 


^1  +  ^2=24 
H-f/f' =12 


w 


-Xh's=6sXio 


556    ! 
200  ! 

88 
128 

=  650 


88 


lyc 


128 


6  )  162200 

27  )^  27o;?3 

100 1  cu.  yards. 

The  great  advantage  of  the  method  consists  in  the  data  all 
being  at  hand  in  the  field  notes. 

Hudson's  Tables  ^  give  volumes  for  this  kind  of  prismoid. 


*  **  Tables  for  Computing  the  Cubic  Contents  of  Excavations  and  Embank- 
ments."    By  John  R.  Hudson,  C.E.     John  Wiley  &  Sons,  New  York,  1884. 


METHODS  OF  PLATTE  SURVEYING  519 

They  furnish  a  very  ready  method  of  computing  volumes  when 
this  system  is  used. 

381.  Comparison  of  Methods  by  Diagonals  and  by 
Warped  Surfaces.  Although  the  surveyor  has  a  choice  of  two 
sets  of  diagonals  when  this  method  is  used,  the  real  sxu^ace  would 
usually  correspond  much  nearer  the  mean  of  the  two  pairs  of 
plane  surfaces  than  to  either  one  of  them.  That  is,  the  natural 
surface  is  curved  and  not  angular,  and  therefore  it  is  probable 
that  two  warped  surfaces  joining  two  three-level  sections  would 
generally  fit  the  ground  better  than  four  planes,  notwithstanding 
the  choice  that  is  allowed  in  the  fitting  of  the  planes.  More 
especially  must  this  be  granted  when  the  truth  of  the  following 
proposition  is  established. 

Proposition:  The  volume  included  between  two  three-level 
sections  having  their  corresponding  surface  lines  joined  by  warped 
surfaces  J  is  exc^Uy  a  mean  between  the  two  volumes  formed  between 
the  same  end  sections  by  the  two  sets  of  planes  resulting  from  the 
two  sets  of  diagonals  which  may  be  drawn. 

If  the  two  sets  of  diagonals  be  drawn  on  each  side  the  centre 
line  and  a  cross-section  be  taken  parallel  to  the  end  areas,  the 
traces  of  the  four  surface  planes  on  each  side  the  centre  line  on 
the  cutting  plane  will  form  a  parallelogram,  the  diagonal  of  which 
is  the  trace  of  the  warped  surface  on  this  cutting  plane.  Since 
this  cutting  plane  is  any  plane  parallel  to  the  end  areas,  and 
since  the  warped  surface  line  bisects  the  figure  formed  by  the 
two  sets  of  planes  formed  by  the  diagonals,  it  follows  that  the 
warped  surface  bisects  the  volume  formed  by  the  two  sets  of 
planes.  The  proposition  will  therefore  be  established  if  it  be 
shown  that  the  trace  of  the  warped  surface  is  the  diagonal  of  the 
parallelogram  formed  by  the  traces  of  the  four  planes  formed 
by  the  two  sets  of  diagonals.  Fig.  204  shows  an  extreme  case 
where  the  centre  height  is  higher  than  the  side  height  at  one  end 
and  lower  at  the  other.  Only  the  left  half  of  the  prismoid  is 
shown  in  the  figure.  The  cutting  plane  cuts  the  centre  and 
side  lines  and  the  two  diagonals  in  efgh  on  the  plane,  and  in 
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e'f'g'W  on  the  vertical  projection.  For  the  diagonal  C\i2  the  sur- 
face lines  cut  out  are  e'/'  and  f'W .  For  the  diagonal  c^\  they 
are  e'^  and  ^h'.  For  the  warped  surface  the  line  cut  out  is 
e'h\  this  being  an  element  of  that  surface.  It  remains  to  show 
that  e'j'h'^  is  a  parallelogram. 


\ai.^i) 


Fig.  20^. 


Since  the  cuttmg  plane  is  parallel  to  the  end  planes  all  the 
lines  cut  are  divided  proportionally.  That  is,  if  the  cutting 
plane  is  one  n^  of  /  from  c^,  then  it  cuts  off  one  ffi^  of  all  the 
lines  cut,  measured  from  that  end  plane.  But  if  the  lints  are 
divided  proportionally,  the  projections  of  those  lines  are  divided 
proportionally,  and  hence  the  points  e',  /',  A',  ^  divide  the  sides 
of  the  quadrilateral  dy  ,  C\  ,  c^  ,  dx    proportionally.     But  it  is  a 
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proposition  in  geometry  that  if  the  four  sides  of  a  quadrilateral, 
or  two  opposite  sides  and  the  diagonals,  be  divided  proportionally 
and  the  corresponding  points  of  subdivision  joined,  the  resul.ing 
figure  is  a  parallelogram.  Therefore  e'j'h'^  is  a  parallelogram, 
and  e*h'  is  one  of  its  diagonals  and  hence  bisects  it.  Whence  the 
surface  generated  by  this  line  moving  along  C\C2  and  dxd^  parallel 
to  the  end  areas  bisects  the  volume  formed  by  the  four  planes 
resulting  from  the  use  of  both  diagonals  on  one  side  the  centre 
line.  Q.E.D. 

It  is  probable,  therefore,  that  the  warped  surface  would 
usually  fit  the  ground  better  than  either  of  the  sets  of  planes 
formed  by  the  diagonals.  Furthermore,  the  errors  caused  by 
the  use  of  the  warped  surface  (Table  XI)  are  compensating 
errors,  thus  preventing  any  marked  accumulation  of  errors  in 
a  series  of  prismoids.^  There  are  extreme  cases,  however,  such 
as  that  given  in  the  example.  Fig.  203,  which  are  best  computed 
by  the  method  by  diagonals. 

382.  Preliminary  Estimate  from  the  Profile.  If  the  cross- 
sections  be  assumed  level  transversely  then  for  given  width  of 
bed  and  side  slopes,  a  table  of  end  areas  may  be  prepared  in 
terms  of  the  centre  heights.  From  such  a  table  the  end  areas 
may  be  rapidly  taken  out  and  plotted  as  ordinates  from  the  grade 
line.    The  ends  of  these  ordinates  may  then  be  joined  by  a  free- 

*  The  two  methods  here  discussed  are  the  only  ones  that  have  any  rlaims  lo 
accuracy.  The  method  by  '*  mean-end  areas,**  wherein  the  volume  is  assumed 
to  be  the  mean  of  the  end  areas  into  the  length,  always  gives  too  great  a  volume 
(except  when  a  greater  centre  height  is  found  in  connection  with  a  less  total 
width,  which  seldom  occurs),  the  excess  being  one^half  of  the  volume  of  the 
pyramids  involved  in  the  elementary  forms  of  the  prismoid.  This  is  a  large  error 
even  in  level  sections,  and  very  much  greater  on  sloping  ground,  and  yet  it  is 
the  basis  of  most  of  the  tables  used  in  computing  earthwork,  and  in  some  States 
it  is  legalized  by  statute.  .Thus  in  the  example  computed  by  Henck's  method 
on  p.  518  the  volume  by  mean-end  areas  is  11Q3  cubic  yards;  by  the  prismoidal 
formula  it  is  1168  cubic  yards,  while  by  the  method  by  diagonals  it  was  only 
looi  cubic  yards.  This  was  an  extreme  case,  however,  and  was  selected  to  show 
the  adaptation  of  the  method  by  diagonals  to  such  a  form. 
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hand  curve,  and  the  area  of  this  curve  found  by  the  planimeter. 
The  ordinates  may  be  plotted  to  such  a  scale  that  each  unit  of 
the  area,  as  one  square  inch,  shall  represent  a  convenient  number 
of  cubic  yards,  as  looo.  The  record  of  the  planimeter  then 
in  square  inches  and  thousandths  gives  at  once  the  cubic  yards 
on  the  entire  length  of  line  worked  over  by  simply  omitting  the 
decimal  point.  Evidently  the  scale  to  which  the  ordinates  are 
to  be  drawn  to  give  such  a  result  is  not  only  a  function  of  the 
width  of  bed  and  side  slopes,  but  also  of  the  longitudinal  scale 
to  which  the  profile  line  is  plotted.     The  area  of  a  level  section  is 

A  =  wc-^rc^f (i) 

where  w,  c,  and  r  are  the  width  of  base,  centre  height,  and  slope 
ratio  respectively. 

Now  if  A  =  the  horizontal  scale  of  the  profile,  that  is  the 
number  of  feet  to  the  inch,  and  if  one  square  inch  of  area  is  to 
represent  looo  cubic  yards,  the  length  of  the  ordinate  must  be 

hA  h{wc-\-rc'^) 

y= = (2) 

1000X27        27000 

If  values  be  given  to  A,  Wj  and  r,  which  are  constants  for 
any  given  case,  then  the  value  of  y  becomes  a  fimction  of  c  only, 
and  a  table  can  be  easily  prepared  for  the  case  in  hand.  Since 
y  is  a  function  of  the  second  power  of  c,  the  second  difference 
will  be  ^  constant,  and  the  table  can  be  prepared  by  bieans  of 
first  and  second  differences.  Thus  if  c  takes  a  small  increment, 
as  I  foot,  then  the  first  difference  is 

h 

'^'y^Tzzzii'^^^^^^^) (3) 

27000 

But  this  first  difference  is  also  a  function  of  c,  and  hence  when  c 
takes  an  increment  this  first  difference  changes  by  an  amount 
equal  to 

"^'^y^  o!Lr.'^'^ (^) 

27000 
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which  is  constant  An.  initial  first  difference  being  given  for  a 
certain  value  of  c,  a  column  of  first  differences  can  be  obtained 
by  simply  adding  the  J"y  continuously  to  the  preceding  sum. 
With  this  column  of  first  differences  the  corresponding  column 
of  values  of  y  may  be  found  by  adding  the  first  differences  con- 
tinuously to  the  initial  value  of  y  for  that  colunrn.^ 


TABULAR  VALUES   OF  y  IN    EQUATION  (2)  FOR  w 

A  =  400. 


20,  r-ij,  AND 


c 

0/0 

o.'i 

0.'2 

o.'3 

0.'4 

1 

O.'S 

o.'6 

o.'7 

o.'8 

0/9 

in. 

1       *"■ 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

in. 

0 

0.00 

0.03 

0.06 

0.09 

0.12 

0.15 

0.19 

0.22 

0.2s 

0.28 

I 

.32 

.3S 

.39 

.42 

.46 

.49 

53 

•57 

.61 

.64 

a 

.68 

.7a 

.76- 

.80 

.84 

.88 

.92 

.96 

1. 00 

1.05 

»3 

1.09 

1.13 

1.17 

1.22 

1.26 

1.31 

»-3S 

1.40 

1.45 

1.49 

4 

1-54 

1. 59 

1.63 

1.69 

1.73 

1.78 

1.83 

1.88 

1.93 

1.99 

S 

3.04 

3.09 

2.14 

3.19 

2.24 

2.30 

2.36 

a. 41 

2.47 

3.52 

6 

2.58 

2.63 

9.69 

2. 75 

2.80 

2.87 

2.92 

2.98 

3.04 

310 

7 

3.16 

3." 

3.a8 

335 

3-41 

3.47 

3.54 

3.60 

3-66 

3-73 

8 

3.79 

3-86 

3-92 

3-99 

4.0S 

4  13 

4.19 

4.26 

4.33 

4.40 

9 

4-47 

4S4 

4.60 

4.68 

4.75 

4.82 

4.89 

4.97 

5.04 

5.11 

10 

S-i8 

5.a6 

533 

S.40 

5.48 

5.56 

5.64 

572 

5.79 

5.87 

II 

595 

6.03 

6.10 

6.18 

6.26 

6.35 

6.43 

6.51 

6.59 

6.67 

12 

6.76 

6.84 

6.92 

7.00 

7.09 

7.18 

7.26 

7.35 

7.43 

7.52 

13 

7.61 

7.70 

7.78 

7.86 

7.96 

8.05 

8.14 

8.23 

8.32 

8.41 

M 

8.50 

8.60 

8.68 

8.77 

8.87 

8.97 

9.06 

9.16 

9.25 

9.35 

IS 

9-44 

9  54 

9.63 

9.73 

9.83 

9-94 

10.03 

10.13 

10.23 

10.33 

i6 

10  43 

10.53 

10.62 

10.73 

10.83 

10.94 

11.04 

11.15 

11.25 

11.35 

17 

11.46 

11. 56 

11.66 

11.77 

11.88 

12.00 

12.10 

12.21 

12.31 

12.42 

18 

I  a- S3 

12.64 

ia-7S 

12.86    1 

12.97 

13-09 

13-20 

13.32 

13.42 

13.54 

19 

13.65 

13.77 

13.87 

»3.99    , 

14  10 

14.23 

14-34 

14.47 

14.58 

14.70 

20 

14  81 

14-93 

15-04 

15.16 

iS-29 

1542 

15-53 

15.66 

15-78 

15-90 

The  preceding  table  was  constructed  in  this  manner,  for 
t£;=2ofeet,  r=ii;   and  A  =  400  feet  to  the  inch. 

383.  Borrow  Pits  are  excavations  from  which  earth  has 
been  "  borrowed  "  to  make  an  embankment.  It  is  generally 
preferable  to  measure  the  earth  in  cut  rather  than  in  fill,  hence 
when  the  earth  is  taken  from  borrow  pits  and  its  volume  is  to 


*  For  a  further  exposition  of  this  subject,  see  Appendix  C. 
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be  computed  in  cut,  the  pits  must  be  carefully  staked  out  and 
elevations  taken  before  and  after  excavating.  The  methods 
given  in  Art.  370  are  well  suited  to  this  purpose,  or  they  may 
be  computed  as  prismoids  by  the  aid  of  Table  XI,  if  preferred. 
To  use  the  table  it  is  only  necessary  to  enter  it  with  such  heights 
and  widths  as  give  twice  the  elementary  areas  (triangles  or  quad- 
rilaterals) into  which  the  end  sections  are  divided,  and  thenr  mul- 
tiply the  final  result  by  the  length  and  divide  by  100.  The  table 
is  entered  for  both  end-area  dimensions  and  also  the  mid-area 
dimensions,  four  times  this  latter  result  being  taken  the  same  as 
before. 

384.  Shrinkage  of  Earthwork.  Excavated  earth  first 
increases  in  volume,  when  removed  from  a  cut  and  dumped  on 
a  fill,  but  it  gradually  settles,  or  shrinks,  until  it  finally  comes 
to  occupy  a  less  volume  than  it  formerly  did  in  the  cut.  Both 
the  amounts,  initial  increase  and  final  shrinkage,  depend  on 
the  nature  of  the  soil,  its  condition  when  removed,  and  the  manner 
of  depositing  it  in  place.  There  can  therefore  be  no  general 
rules  given  which  will  always  apply.  For  ordinary  clay  and 
sandy  loamy  dumped  loosely,  as  from  wheelbarrows,  the  first  increase 
is  about  one-twelfth,  and  then  the  settlement  about  one-sixth  of 
this  increased  volume,  leaving  a  final  volume  of  about  nine-tenths 
of  the  original  volume  in  cut. 

Embankments  made  with  carts  or  wagons  will  shrink  from 
the  first  volume  in  fill  from  five  to  ten  per  cent,  while  wheel- 
scraper  work  will  shrink  from  one  to  five  per  cent,  depending 
on  the  condition  of  the  material  when  moved  and  the  weathca: 
conditions  during  the  progress  of  the  work.  One  may  judge 
of  the  probable  shrinkage  by  estimating  the  proportion  of  voids 
which  will  probably  be  ultimately  filled  by  settlement. 

For  rock  the  permanent  increase  in  volume  is  from  60  to 
80  per  cent,  the  greater  increase  corresponding  to  a  smaller 
average  size  of  fragment. 

385.  Excavations  under  Water.  It  is  often  necessary  to 
determine  the  volume  of  earth,  sand,  mud,  or  rock  removed 
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from  the  beds  of  rivers,  harbors,  canals,  etc.  If  this  be  done 
by  soundings  alone,  it  is  likely  to  work  injustice  to  the  contractor, 
as  he  would  receive  no  pay  for  depths  excavated  below  the  required 
limit;  and  besides,  foreign  material  is  apt  to  flow  in  and  partially 
replace  what  is  removed,  so  that  the  material  actually  excavated 
is  not  adequately  shown  by  soundings  within  the  required  limits. 
It  is  common,  therefore,  to  pay  for  the  material  actually  removed, 
an  inspector  being  usually  furnished  by  the  employer  to  see 
that  no  useless  work  is  done  beyond  the  proper  bounds.  The 
material  is  then  measured  in  the  dumping  scows  or  barges.  The 
unit  of  measure  is  the  cubic  yard,  the  same  as  in  earthwork. 
There  are  two  general  methods  of  gauging  scows,  or  boats:  One 
is  to  actually  measure  the  inside  dimensions  of  each  load,  which 
is  often  done  in  the  case  of  rock,  and  the  other  is  to  measure  the 
displacement  of  the  boat,  which  is  the  more  common  method 
with  dredged  material.  When  the  barge  is  gauged  by  measuring 
its  displacement,  the  water  in  the  hold  must  always  be  pumped 
down  to  a  given  level,  or  else  it  must  be  gauged  both  before  and 
after  loading  and  the  depth  of  water  in  the  hold  observed  at  each 
gauging.  A  displacement  diagram  (or  table)  is  prepared  for  each 
barge,  from  its  actual  external  dimensions,  in  terms  of  its  mean 
draught.  There  should  always  be  four  gaugings  taken  to  deter- 
mine the  draught,  at  four  symmetrically  located  points  on  the 
sides,  these  being  one-fourth  the  length  of  the  barge  from  the  ends. 
Fixed  gauge  scales,  reading  to  feet  and  tenths,  may  be  painted 
on  the  side  of  the  barge,  or  if  it  is  flat-bottomed,  a  gauging  rod, 
with  a  hook  on  its  lower  end  at  the  zero  of  the  scale,  may  be  used 
and  readings  taken  at  these  four  points.  Any  distortion  of  the 
barge  under  its  load,  or  any  unsymmetrical  loading,  will  then  be 
allowed  for,  the  mean  of  the  four  gauge  readings  being  the  true 
mean  draught  of  the  boat. 

To  prepare  a  displacement  diagram,  the  areas  of  the  sur- 
faces of  displacement  must  be  found  for  a  series  of  depths  uni- 
formly spaced.  This  series  may  bet^n  with  the  depth  for  no 
load,  the  hold  being  dry.     They  should  then  be  foimd  for  each 
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five-tenths  of  a  foot  up  to  the  maximum  draught.  If  the  boat 
has  plane  vertical  sides  and  sloped  ends  these  areas  are  rect- 
angles, and  are  readily  computed.  If  the  boat  is  modelled  to 
curved  lines,  the  water  lines  can  be  obtained  from  the  original 
drawings  of  the  boat,  or  else  they  must  be  obtained  by  actual 
measurement  In  either  case  they  can  be  plotted  on  paper, 
and  their  areas  determined  by  a  planimeter.  These  areas  are 
analogous  to  the  cross-sections  in  the  case  of  railroad  earth- 
work, and  the  prismoidal  formula  may  be  applied  for  computing 
the  displacement.    Thus: 

Let  i4o,  i4i,  A2,  Az,  etc.,  be  the  areas  of  the  displaced  water 
surfaces,  taken  at  uniform  vertical  distances  h  apart  Then 
for  an  even  number  of  intervals  we  have  in  cubic  yards 

h 

F= (^o+4-4i +  2^2+4^3+  .  .  .  An).      .     .     (i) 

3X27 

If  the  total  range  in  draught  be  divided  into  six  equal  por- 
tions, each  equal  to  h,  then  WeddeFs  Rule  *  would  give  a  nearer 
approximation.  With  the  same  notation  as  the  above  we  would 
then  have,  in  cubic  yards, 

V^^[Ao-{-A2  +  A4  +  Aq  +  S(Ai+As  +  A5)-\-A31     .     (2) 
10 

These  rules  are  also  applicable  to  the  gauging  of  reservoirs, 
mill  ponds,  or  of  any  irregular  volume  or  cavity. 

After  the  displaced  volume  of  water  is  found,  the  corre- 
sponding volume  of  earth  or  rock  is  found  by  applying  a  proper 
constant  coefficient.  This  coefficient  is  always  less  than  unity, 
and  is  the  reciprocal  of  the  specific  gravity  of  the  material.  This 
must  be  found  by  experiment.     In  the  case  of  soft  mud  it  is  nearly 


*  For  the  derivation  of  this  rule,  see  Appendix  C. 
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unity,  while  with  sand  and  rock  it  is  much  more.  When  rock 
is  purchased  by  the  cubic  yard,  solid  rock  is  not  implied,  but  the 
given  quality  of  cut  or  roughly  quarried  rock,  piled  as  closely 
as  possible.  When  rock  is  excavated,  solid  rock  is  meant.  A 
measured  volume  of  any  material  put  into  a  gauged  scow  will  give 
the  proper  coefficient  for  that  material.    Thus  if  the  measured 

volume  V  give  a  displacement  of  F,  then  —  =  C  is  the  coefficient 

to  apply  to  the  displacement  to  give  the  volume  of  that  material. 

Note. — The  computation  of  "  haul  "  does  not  properly  come  within  the  prov- 
ince of  this  work.  A  very  excellent  article  on  this  subject,  showing  the  use  of 
the  "  mass  curve  "  in  earthwork,  by  Professor  Walter  L.  Webb,  will  be  found  in 
the  Proc.  Eng.  Club,  Phil.,  Vol.  XIV  (1897),  p.  249,  and  also  in  the  Railroad 
Gazette  for  December  17,  1897,  p.  885.  Also  a  paper  by  Professor  C.  Frank  Allen 
in  Railroad  Gazette  of  May  24,  1895,  P-  325- 
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CHAPTER  XIV 
TRL\NGULATION  AND   BASE   LINE 

386.  The  Objects  of  a  Geodetic  Survey.  The  main 
object  of  a  geodetic  survey  is  to  furnish  the  necessary  control  for 
all  other  surveys.  This  control  includes  the  determination  of 
relative  positions  of  a  comparatively  few  widely  separated  p>oints 
on  the  earth^s  surface  and  the  directions  and  lengths  of  the  lines 
joining  them.  Without  such  accurate  locations  the  errors  of 
ordinary  surveys  would  accumulate  until  they  vitiated  the  needed 
accuracy  of  the  survey  and  map.  Indeed,  the  primary  triangula- 
tion  of  the  U.  S.  Coast  and  Geodetic  Survey,  by  its  corrective 
function,  stands  in  the  same  relation  to  other  surveys  as  the 
U.  S.  Supreme  Court  stands  to  all  lesser  courts.^ 

The  above  work  involves  (a)  the  measurement  of  base  lines; 
{b)  the  measurement  of  the  angles  of  the  triangulation  system; 
and  (c)  the  astronomic  determinations  of  latitude,  longitude,  and 
azimuth.  All  of  these  operations  will  be  briefly  discussed  in 
Book  III. 


*  In  fact,  during  the  past  few  years  this  primary  triangulation  has  been  the 
means  vi  settling  boundary  line  disputes  lx?tween  more  than  ten  States. 
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The  secondary  object  of  a  geodetic  survey  and  one  incidental 
to  the  above  operations  is  the  determination  of  the  size  and  shape 
of  the  earth  or  that  part  of  it  covered  by  the  survey.  This  is  best 
accomplished  by  frequent  astronomic  determinations  of  latitude, 
longitude,  and  azimuth  at  triangulation  stations. 

387.  The  Size  and  Figure  of  the  Earth.  Geodesy  is  a 
natural  development  of  land  surveying,  but  because  of  the  great 
areas  *  covered  by  the  triangulation,  account  must  be  taken  of 
the  sphericity  of  the  earth.  The  first  measurements  ever  made 
to  determine  the  radius  of  the  earth  were  made  by  the  famous 
school  of  Alexandria  about  200  B.C.  It  is  remarkable  that  the 
principle  there  employed  is  the  same  that  has  been  used  ever 
since.  Stripped  of  all  details  the  method  consisted  in  measuring 
a  long  north  and  south  line  and  of  determining  the  latitude  of 
its  two  ends  by  measuring  the  altitude  of  the  sun  or  other  star. 
The  difference  between  the  observed  latitudes  gives  the  curvature 
of  this  arc  in  degrees.  '  The  length  of  the  earth's  radius  is  easily 
computed  from  these  data.  No  further  attempts  to  solve  the 
size  of  the  earth  were  made  imtil  a  thousand  years  2  later.  Eight 
centuries  later  the  introduction  of  the  principle  of  triangulation 
gave  a  great  impetus  to  geodetic  investigations. 

Modem  geodesy  may  be  said  to  begin  with  the  discovery  of 
the  law  of  gravitation  by  Newton  late  in  the  seventeenth  century. 
*'He  proved  that  the  earth,  as  a  revolving  and  not  wholly  rigid 
body  subject  to  its  own  attraction,  must  take  the  form  of  a  slightly 
flattened  sphere.**  ^  Modem  precise  measurements  prove  that  any 
section  of  the  earth  parallel  to  the  equator  is  with  considerable 

*  The  U.  S.  C.  &  G.  S.  transcontinental  triangulation  extends  from  Cape 
May  on  the  Atlantic  to  the  Golden  Gate  on  the  Pacific,  or  through  45^  of  longitude. 
See  Bulletin  of  University  of  Wisconsin,  No.  38,  by  Mr.  John  F.  Hayford. 

'  By  the  Arabs  in  the  Mesopotamia  ab<)Ut  825. 

'  These  theoretical  conclusions  were  fully  confirmed  by  the  expeditions  sent 
to  the  equatorial  region  of  Peru  (1735-41),  and  to  the  |X)lar  region  of  Lapland 
(1736-37).  Their  work  proved  Newton's  theory,  since  they  found  the  length 
of  one  degree  to  \ye  greater,  or  in  other  words,,  the  arc  flatter,  near  the  pole  tha  i 
near  the  equator. 
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exactness  a  circle,  and  every  section  passing  through  both  poles 
is  an  ellipse.  The  dimensions  and  form  of  this  ellipsoid  of 
revolution  are  usually  given  by  its  equatorial  and  polar  radii  or 
diameters.  The  two  most  notable  computations  of  these  dimen- 
sions were  made  by  Bessel  in  1841  and  by  Clarke  in  1866,  the 
latter  being  now  in  most  conmion  use.  These  dimensions  are 
given  in  the  following  Table  I: 


Table  I. 


a.  Equatorial  radius 

b.  Scmipolar  axis 

Difference  a—b 

Compression 

a 


Bessel. 
Meters. 


6,377.397 
6,356,079 

21,318 

I 

299.12 


Clarke. 
Meters. 


6.378,206 

6,356,584 

21,622 

I 

295 


Bessel 

English 

Statute 

Miles. 


3962.72 

3949-48 

13.25 


Clarke. 
English 
StattUte 

Miles. 


3963-23 

3949-79 

13-44 


388.  Minor  Irregularities  in  the  Shape  of  the  Earth.     By 

the  shape  of  the  earth  is  meant  the  surface  of  the  sea,  which 
includes  three-quarters  of  its  entire  surface.  But  it  must  not  be 
understood  that  this  shape,  as  defined  above,  is  entirely  free 
from  such  irregularities  as  small  humps  and  hollows.^  The  ocean 
surface  at  any  given  point  is  at  right  angles  to  the  direction  of  the 
plumb  line.  On  the  continents,  the  horizontal  planes  defined 
by  the  level  vials  are  again  perpendicular  to  the  direction  of  the 
plumb  line.  Minor  deviations  of  the  plumb  line  (and  the  corre- 
sponding irregularities  in  the  shape  of  the  earth)  are  made  manifest 
by  geodetic  surveys  in  the  following  way:  If  the  standard  geodetic 
latitude,  longitude,  and  meridian  of  one  station  of  a  triangulation 
system  be  known  the  geodetic  latitude  and  longitude  of  every 

'  See  "  Precise  Surveying,"  Chapters  VI  and  VII,  by  Mansfield  Merriman, 
John  Wiley  &  Sons;  also  **  Figure  of  the  Earth  and  Isostasy,"  by  J.  F.  Hayford, 
U.  S.  C.  and  G.  S.,  1909  and  1910. 
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other  station  of  such  system  can  be  computed  (Art.  461).  If 
now  the  astronomic  latitude  and  longitude  of  all  or  part  of^  these 
same  stations  be  observed,  the  dififerences  between  corresponding 
geodetic  and  astronomic  latitudes  and  longitudes  furnish  at  once 
a  determination  of  the  local  shape  of  the  earth.  For  the 
geodetic  latitudes  and  longitudes  are  all  referred  to  the  Clarke 
ellipsoid  of  revolution,  while  the  astronomic  latitudes  and  longi- 
tudes are  referred  to  the  actual  irregular  figure  of  the  earth.  The 
differences  therefore  between  the  regular  and  the  irregular  figures 
constitute  the  humps  and  hollows. 


I 


II 


III 


Fig.  205. 


389.  Triangulation  Figures.  If  it  is  desired  to  connect  two 
distant  points  by  a  system  of  triangulation  at  the  least  expense, 
system  I,  shown  in  Fig.  205,  may  be  used.  This  system  is, 
however,  rarely  used  because  of  its  lack  of  accuracy. 

If  such  distant  points  are  to  be  joined,  or  such  double  system 
of  stations  established,  with  the  greatest  attainable  accuracy, 
then   system   III   should   be   used.    This  system   is   also   best 
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adapted  to  secondary  work,  where  it  is  desired  to  simplify  the 
work  of  reduction.  Each  quadrilateral  may  be  independentiy 
reduced. 

If  the  greatest  area  is  to  be  covered  for  a  given  degree  of 
accuracy  or  cost,  then  system  II  is  the  one  to  use. 

System  I  consists  of  a  single  row  of  simple  triangles,  system 
II  of  a  double  row  x)f  simple  triangles  or  of  simple  triangles 
arranged  as  hexagons,  and  system  III  of  a  single  row  of  quadri- 
laterals. A  quadrilateral  in  triangulation  is  an  arrangement  of 
four  stations  with  all  the  connecting  lines  observed.  This  gives 
six  lines  connecting  as  many  pairs  of  stations,  over  which  point- 
ings have  been  taken  from  both  ends  of  the  line. 

For  the  same  maximum  length  of  lines  we  have  the  following 
comparison  of  the  three  systems:  * 


System. 

Composition. 

Distance 
Covered. 

No.  of 
Stations. 

Total 

Length 

of  Sides. 

• 

Area 
Covered. 

No.  of 
Conditions. 

I 
II 

Equilateral  iriangles 

Hexaeons. 

5 

5-2 

4.95 

14 

19 

'34 
29 

4.5 

9 

3-5 

w— 2=       9 

7"-  M 

-  -  _.  21 

III 

Quatirilaleials  (squarc.«?\ 

5 
2«-    4^:?4 

Thus,  for  the  same  distance  covered,  the  number  of  stations 
to  be  occupied  and  the  total  length  of  lines  to  be  cleared  out 
are  about  one-half  more  for  systems  II  and  III  than  for  system 
I.  The  area  covered  by  system  II  is  twice  that  by  system  I, 
but  the  number  of  conditions  is  much  greater  in  system  III  than 
in  either  of  the  others.  Since  almost  all  the  error  in  triangu- 
lation comes  from  erroneous  angle  measurements,  the  results 
will  be  more  accurate  according  to  our  ability  to  reduce  the 


*  Taken  fmm  the  I'.  S.  C.  and  G.  Survey  Report  for  1876. 
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observed  values  of  the  angles  to  their  true  values.  The  "condi- 
tions "  mentioned  in  the  above  table  are  rigid  geometrical  con- 
ditions, which  must  be  fulfilled  (as  that  the  sum  of  the  angles 
of  a.  triangle  shall  equal  i8o°),  and  the  more  of  these  geometrical 
conditions  we  have,  the  more  nearly  are  we  able  to  determine  what 
the  true  values  of  the  angles  are.  The  work  will  increase  in 
accuracy,  therefore,  as  the  number  of  these  conditions  increases, 
and  this  is  why  system  III  gives  more  accurate  results  than 
systems  I  and  II,  This  will  be  made  clear  when  the  subject  of 
the  adjustment  of  the  observations  is  considered.  See  also 
Art.  394- 


Fic.  K36. — Part  of  the  U.  S.  C.  and  G .  S.  Transcotilinemal  Triangulation  o!  U.S. 
\ 

Because  of  the  variations  in  topography  it  will  rarely  be 
found  practical  to  lay  out  the  system  of  perfect  figures  shown 
above.  Instead  extra  stations  will  need  to  be  introduced  and 
the,^ze  of  the  figures  changed.    This  is  well  illustrated  by  Fig. 

390.  Classificatioa  of  Triangulation.  For  the  various  grades 
of  work,  different  degrees  of  accuracy  are  required  involving  the 
use  of  different  instruments  and  different  programmes  of  observa- 
tion and  computation.  These  grades  of  triangulation  are  dis- 
tinguished as  Primary,  Secondary,  and  Tertiary. 

*  Pan  of  trans-continental  triangulation  ot  the  U.  S.  C.  and  G,  S. 
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391.  Primary  Triangulation.  As  its  name  would  imply, 
primary  triangulation  is  of  the  highest  grade  of  accuracy  obtain- 
able at  reasonable  cost.  It  employs  the  longest  sides  practicable 
and  its  angles  are  measured  by  the  most  accurate  instruments 
and  methods.  Formerly,  it  was  thought  necessary  to  go  to 
excessive  trouble  and  expense  to  secure  very  long  sides,  100  miles 
long  being  common  with  many  sides  much  in  excess  of  even 
tliis.  The  minimum  length  of  such  work  on  the  U.  S.  Coast  and 
Geodetic  Survey  is  now  6  kilometres  (3.8  miles).  The  specifica- 
tions for  this  work  state  that  "there  is  little,  if  any,  advantage, 
in  so  far  as  accuracy  is  concerned,  in  making  the  lines  much 
longer  than  this."  Instead  of  the  excessively  long  lines  and 
attending  large  expense,  it  is  better  practice  to  use  that  length 
which  will  make  the  total  cost  of  the  work  of  reconnoissance, 
building,  and  angle  measurement  a  minimum  per  mile  of  progress. 

The  office  computations  for  this  grade  of  work  are  also  very 
refined  and  laborious.  For  example,  all  angles  must  be  reduced 
to  what  they  would  have  been  if  made  at  sea  level  (due  to  the  fact 
that  the  normals  of  the  earth's  surface  do  not  intersect),  and 
astronomical  latitudes  must  be  corrected  for  elevation  above  the 
sea.  In  general,  primary  triangulation  is  used  where  it  is  unsup- 
ported over  long  distances  and  so  constitutes  the  main  framework 
for  all  other  surveys. 

392.  Tertiary  TriangtUation.  This,  the  lowest  grade  of 
triangulation,  is  used  for  the  immediate  control  of  topographic 
and  hydrographic  surveys  or  for  engineering  purposes  in  general. 
Even  here  the  triangulation  system  should  not  be  allowed  to 
degenerate  into  single  triangles  except  in  the  rare  cases  when 
it  is  extremely  difficult  to  avoid  this.  The  lower  limit  in  the 
length  of  the  sides  is  fixed  only  by  the  difficulty  of  closing  the 
triangles  with  the  required  accuracy,  and  by  the  fact  that  short 
lines  are  apt  to  be  accompanied  by  poor  geometrical  conditions. 

393.  Secondary  Triangulation.  Secondary  triangulation  is 
intermediate  between  primary  and  tertiary  triangulation  and  is 
used  to  connect  the  two,  or  it  may  be  used  where  the  total  distance 
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covered  is  not  great,  or  where  it  is  supported  at  frequent  intervals 
by  the  primary  triangulation. 

Where  the  angles  are  measured  by  small  and  inferior  instru- 
ments, or  in  case  only  part  of  the  angles  are  actually  measured,  or 
all  measured  but  by  an  inferior  programme,  it  is  usual  to  designate 
the  work  as  reconnoissance,  and  not  in  any  of  the  above  classes. 

354.  Strength  of  Figures.  By  strength  of  figures  is  included 
the  relation  of  the  shape  of  the  figure  to  the  accuracy  of  the  com- 
puted lengths  of  sides. 

It  has  recently  been  shown  that  much  misinformation  exists 
on  this  subject.  The  effect  of  a  given  figure  upon  such  accuracy 
is  shown  by  the  computed  probable  errors.  Now  the  square  of 
the  probable  error  in  the  logarithm  of  a  triangle  side  is  given  by 

Nd-Nc 

*(^)' KT "^^A^  +  dAds^dp^.^       ...       (I) 

•  . 

In  the  formula  d  is  the  probable  error  of  an  observed  direction 
(angle)  ordinarily  computed  from  the  adjustment  of  the  triangula- 
tion. It  expresses  the  accuracy  of  the  observing  only  and  is  not 
dependent  upon  the  geometrical  conditions  in  the  figure.    The 

two  terms  following  this,  viz.,  — ^^— — -  and  ^dj^^-dA^B^-^B^-  are 

-     '  d 

independent  of  the  acciu^cy  of  the  X)bserving  and  are  entirely 
fixed  by  the  figure  chosen.  These  two  terms  therefore  express 
the  strength  of  the  figure. 

N^  is  the  nimiber  of  directions  observed  in  the  figure  and  Nc 
is  the  number  of  geometrical  conditions  to  be  satisfied.    The 


formula  shows  that  the  smaller  the  value  of  this  fraction, 


N,-N, 


the  greater  the  accuracy  of  the  lengths.  In  other  words,  the 
greater  the  number  of  rigorous  conditions  in  proportion  to  the 
number  of  unknowns  (the  directions),  the  greater  the  accuracy. 


*  See  Wright  and  Hayford's  "Adjustment  of  Observations,"  pp.  237-8,  where 
the  equation  is  given  in  slightly  different  form. 
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In  the  quadrilateral,  for  example,  N^^io  and  Nc  =  4,  and 
therefore  — ^ — ^=.60,  while  for  a  six-sided  central-point  figure, 

d 

Nj=22,  Nc==1,  and  hence  — ^ — ^=0.68.     This  shows  that  so 

far  as  effect  of  rigorous  conditions  is  concerned,  the  former  figure 
is  a  stronger  figure  than  the  second. 

The  expressions  Sa  and  Sb  are  the  logarithmic  differences 
corresponding  to  a  change  of  one  second  in  the  distance  angles 
of  each  triangle  concerned.  Thus  in  Fig.  213  in  computing  the 
length  of  line  CD  from  the  line  AB  as  a  known  side,  the  compu- 
tation may  utilize  the  triangles  ABD,  BDC.  In  every  case  the 
computation  of  the  sides  involves  but  two  of  the  three  angles  of 
each  triangle.  These  angles  used  in  the  length  computation  are 
called  the  distance  angles,  thus  in  ABD  angle  D  and  Ay  and  in 
triangle  BDC  angles  C  and  B  are  distance  angles. 

The  remaining  angle  of  each  triangle  can  be  used  most  con- 
veniently to  carry  forward  the  azimuth  (see  Art.  461),  and  are 
therefore  called  the  azimuth  angles.  The  distance  angles  are 
always  opposite  the  known  and  required  sides  of  the  tri- 
angle. 

It  should  be  noted  from  the  formula  (i)  that  the  smaller  the 
^Sa^  +  Sa^e'^^e^  the  greater  the  resulting  accuracy  in  the  length. 
Therefore  it  is  important  to  select  such  figures  as  will  keep  this 
summation  small.  The  differences  in  the  table  of  logarithmic 
sines  are  very  small  for  angles  near  90°  and  very  lar^e  for  angles 
near  o®  or  180°.  Hence  to  keep  this  2(^x^  +  ^a^5+^b^  small, 
it  is  desirable  to  avoid  distance  angles  near  0°  and  180°.  It  is 
immaterial  as  far  as  errors  of  lengths  are  concerned  whether  the 
azimuth  angles  are  small  or  not.  The  force  of  this  may  be  seen 
from  the  following  analysis  of  Figs.  207  and  208.  In  both  these 
figures  the  known  and  required  sides  are  drawn  heavy,  AB  being 
known  and  CD  being  required.  In  Fig.  207  no  matter  which 
pair  of  triangles  is  used  in  the  computation  of  CD  no  distance 
angle  less  than  44°  nor  greater  than  125°  is  used.    The  resulting 
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value  of  ^dA^+^A^B+dB^  is  here  found  to  be  not  greater  than  4,1 
corresponding  to  a  high  degree  of  accuracy  in  the  length. 

The  azimuth  angles  concerned  in  this  figure  are  very  small, 
being  from  8°  to  13°,  but  this  fact  has  no  effect  upon  the  accuracy 
of  the  length  CD,  as  they  are  not  concerned  in  ^ 
the  computation  of  its  length.  On  the  other 
hand,  in  Fig.  208  the  distance  angles  used  in 
computing  the  required  side  CD  from  the  known 
side  AB  range  from  9°  to  125°  and  the  use  of 
two  very  small  angles  is  unavoidable.  The  result- 
ing value  of  I^dA^  +  ^A^B-^ds^  is  270  or  290, 
depending  upon  the  route  chosen  for  the  com- 
putation, corresponding  to  a  very  low  degree  of 
accuracy  in  the  computed  length. 

The  current  idea  then  that  in  order  to  secure 
a  satisfactory  degree  of  accuracy  in  the  computed 
length  of  sides,  all  angles  in  a  triangulation  must 
be  kept  between  30°  and  150°  is  erroneous.  The 
fact  is  that  it  is  important  to  keep  the  distance 
angles  between  these  limits  and  preferably  near 
90®,  but  in  so  far  as  accuracy  of  length  is  concerned  the  size 
of  the  azimuth  angles  is  immaterial. 

In  practice  the  selection  of  strong  figured  involves  a  com- 
plicated set  of  judgments.    On  the  U.  S.  Coast  and  Geodetic 


Fig.  207. 


Fig.  208. 

Survey  this  judgment  is  guided  by  a  table  of  values  of  (^.i^  +  ^^i^B 
-f-<?B^)  used  in  connection  with  each  particular  figure  under  dis- 
cussion.    One  general  principle  which  has  been  found  valuable  in 


*  The  dj^  and  d^  arc  expressed  in  units  of  the  sixth  place  of  logarithms. 
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forming  a  correct  judgment  is  that  a  figure  much  narrower  than  its 
length  in  the  direction  of  the  triangulation  belt,  such  as  Fig.  208, 
is  a  weak  figure,  while  the  broad  figures,  such  as  Fig.  207,  are 
strong  in  so  far  as  concerns  the  accuracy  of  their  lengths. 

This  principle,  however,  must  be  applied  with  caution,  as 
there  are  other  important  elements  involved.^ 

395*  Base  Line  Sites.  The  line  actually  measured  is  called 
the  base  line.  The  number  of  such  base  lines  required,  as  well 
as  their  lengths,  depends  upon  the  average  lengths  of  the  sides 
of  the  triangulation  and  upon  the  accuracy  desired  in  the  latter. 
The  site  of  the  base  lines  should  be -chosen  before,  or  at  the  same 
time,  as  the  triangulation  stations.  The  frequency  of  bases  in 
primary  triangulation  should  be  such  as  to  insure  no  larger  dis- 
crepancy between  adjacent  bases  when  checked  through  the 
triangulation  than  one  part  in  25,000.  This  ratio  reduces  to 
one  part  in  10,000  in  secondary  and  one  part  in  5000  in  tertiary 
triangulation.  Past  experience  of  the  U.  S.  Coast  and  Geodetic 
Survey  shows  that  the  above  requirements  correspond  to  a  chain 
of  fifteen  to  thirty-five  triangles  in  primary  work  and  to  a  chain  of 
from  ten  to  thirty-five  triangles  in  the  case  of  secondary  and 
tertiary  triangulation. 

Because  of  the  greater  ease  of  measuring  base  lines  at  the 
present  time,  due  to  the  use  of  the  invar  steel  tape  (Arts.  421-423), 
it  is  now  economical  to  measure  base  lines  more  frequently  than 
was  formerly  the  case.^ 

396.  Connection  of  Base  Line  with  the  Triangulation. 
Several  steps  or  figures  are  usually  necessary  in  order  to  transfer 
from  the  relatively  short  base  line  to  the  sides  of  the  main  triangu- 
lation.   Even  with  well-conditioned  figures,  a  very  large  propor- 

*  See  Wright  and  Hayford's  "Adjustment  of  Observations,"  published  by 
Macmillan,  New  York,  for  a  full  discussion  of  this  subject. 

'  On  the  U.  S.  C.  and  G.  S.  triangulation  completed  in  1900  there  were  nine 
base  lines  between  latitudes  26°  and  42J°,  or  an  average  interval  of  less  than 
120  miles.  The  older  transcontinental  triangulation  work  covering  45®  of  longi- 
tude is  checked  by  only  ten  bases,  the  average  interval  being  370  miles. 
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tion  of  the  high  accuraqr  of  the  base  is  necessarily  lost  and 
dissipated  in  the  so-called  base  net. 

Some  of  the  most  common  methods  of  expanding  from  a  base 
are  shown  in  Figs.  209  to  212  inclusive.    The  substitution  of 
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Fig.  209. 


tapes  in  large  part  for  bars  in  base  work  makes  it  possible  to 
utilize  much  rougher  ground  for  base  sites  than  was  formerly 
possible.  Thus  the  grades  may  equal  10  per  cent  while  ravines 
of  less  than  50  metres  do  not  form  obstacles  to  base  measurements. 
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210. 

As  a  result  of  this  it  is  now  both  possible  and  desirable  to  locate 
the  base  with  reference  to  making  the  geometric  conditions  in 
the  base  figures,  such  as  to  be  most  favorable  to  accuracy.    Each 
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base  net  should  not  be  longer  than  two  ordinary  figures  of  the 
main  chain  between  bases. 

'   The  location  of  the  base  should  be  such  as  to  enable  one 
side  of  the  main  system  to  be  computed  with  the  greatest  accu- 


FiG.  211. — Base  Net. 


Fig.  212. — Base  Net. 


racy  and  with  the  least  number  of  auxiliary  stations  for  a  given 
length  of  base.  In  flat  open  country  the  base  should  be  chosen 
to  suit  the  location  of  the  triangulation  stations  in  the  main 
system;   but  in  rough  country  some  of  the  main  stations  must 
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often  be  chosen  to  suit  the  location  of  the  base  line.  In  Fig.  209 
the  location  of  the  base  line  is  almost  an  ideal  one,  being  taken 
directly  across  one  of  the  main  lines  of  the  system.  By  referring 
to  Fig.  210  it  will  be  seen  that  the  line  Willow  Springs — Shot 
Tower  is  one  of  the  fundamental  lines  of  the  main  system,  and 
the  base  is  located  directly  across  it.  Here  the  ground  is  a  flat 
prairie,  and  the  base  was  chosen  to  suit  the  stations  of  the  main 
system.  The  station  at  the  middle  of  the  base  is  inserted  in 
order  to  furnish  a  check  on  the  measurements  of  the  two  por- 
tions as  well  as  to  increase  the  strength  of  the  system  by  increas- 
ing the  number  of  equations  of  conditions. 

Fig.  211  is  a  common  form  of  base  net. 

397.  The  Reconnoissance.  The  success  of  the  triangulation 
depends  in  large  measure  upon  the  intelligent  investigations  made 
in  the  reconnoissance.  These  investigations  should  include  the 
selction  of  the  strongest  and  most  feasible  figures  for  the  triangu- 
lation, the  location  of  the  base  lines,  public  roads,  sources  of 
supplies  for  men  and  animals,  and  in  general  the  collection  of  all 
information  affecting  the  economy  of  the  operations  to  follow. 
Such  information  cannot  be  too  full  and  all  should  be  carefully 
recorded. 

The  most  favorable  ground  for  a  line  of  triangles  is  a  valley 
of  proper  width,  with  bald  knobs  or  peaks  on  either  side. 
Stations  can  then  be  selected  giving  well-conditioned  triangles, 
with  little  or  no  clearing  out  of  lines,  and  with  low  stations. 
In  a  wooded  country  the  lines  must  be  cleared  out  or  else  very 
tall  stations  must  be  used.  In  general,  both  expedients  are 
resorted  to.  Stations  are  built  so  as  to  avoid  the  greater  portion 
of  the  obstructions,  and  then  the  balance  is  cleared  out. 

So  much  depends  on  the  proper  selection  of  the  stations  in 
a  system  of  triangulation,  as  to  time,  cost,  and  final  accuracy, 
that  the  largest  experience  and  the  maturest  judgment  should 
be  made  available  for  this  part  of  the  work.  The  form  of  the 
triangles;  the  amount  of  cutting  necessary  to  clear  out  the  lines 
and  the  probable  resulting  damage  to  private  interests;    the 
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height  and  cost  of  stations,  and  the  accessibility  of  the  same; 
the  avoidance  of  all  sources  of  atmospheric  disturbance  on  the 
connecting  lines,  as  of  factories,  lime-  or  brick-kilns,  and  the 
like,  which  might  either  obstruct  .the  line  by  smoke  or  introduce 
unusual  refraction  from  heat;  the  freedom  from  disturbance  of 
the  stations  themselves  during  the  progress  of  the  work,  and  the 
subsequent  preservation  of  the  marking  stones — these  are  some 
of  the  many  subjects  to  be  considered  in  determining  the  location 
of  stations. 

It  is  the  business  of  the  reconnoissance  party  not  only  to 
locate  the  stations,  but  to  determine  the  heights  of  the  same. 
A  station  that  has  been  located  is  temporarily  marked  by  a  flag 
fastened  upon  a  pole,  and  this  made  to  project  from  the  top  of 
a  tall  tree  in  the  neighborhood.  In  selecting  a  new  station 
it  is  customary  to  first  select  from  the  map  the  general  locality 
where  a  station  is  needed,  and  then  examine  the  region  for  the 
highest  ground  available.  When  this  is  foimd,  the  tallest  trees 
are  climbed  and  the  horizon  scanned  with  the  aid  of  a  pair  of 
field  glasses  to  see  if  the  other  stations  are  visible.  If  no  tree 
or  building  is  available  for  this  purpose  ladders  may  be 
spliced  together  and  raised  by  ropes  until  the  desired  height  is 
obtained. 

398.  Instrumental  Outfit.  The  reconnoissance  party  re- 
quires a  convenient  means  of  measuring  angles  and  of  deter- 
mining directions  and  elevations.  For  measuring  angles  a  pocket 
sextant  would  serve  very  well,  provided  the  stations  are  distinct 
or  provided  distinct  range  points  in  line  with  the  stations  may 
be  selected  by  the  aid  of  field  glasses.  A  prismatic  pocket  com- 
pass will  often  be  found  very  convenient  in  finding  back  stations 
which  have  been  located  and  whose  bearings  are  known.  An 
aneroid  barometer  is  desirable  for  determining  approximate 
relative  elevations.  For  methods  of  using  it  in  such  work,  see 
Chapter  VI.  If  to  the  above-named  instruments  we  add  field 
glasses,  drawing  instruments,  steel  tape,  two  heliotropes  for 
testing  the  intervisibility  of  stations,  best  maps  of  the  country 


GEODETIC  SURVEYING  543 

available,  and  creepers  for  climbing  trees,  the  instrumental  outfit 
is  fairly  complete. 

399.  The  Direction  of  Invisible  Stations.  It  often  happens 
that  one  station  cannot  be  se^n  from  another  on  accoimt  of  forest 
growth,  which  may  be  cleared  out.  In  such  a  case  the  station 
may  be  located  and  the  line  cleared  from  one  station  or  from 
both,  the  direction  of  the  line  having  been  determined.  This 
direction  may  always  be  computed  if  two  other  points  can  be 
found  from  each  of  which  both  stations  and  the  other  auxiliary 
point  are  visible.  Thus  in  Fig.  213  let  AB  be  the  line  to  be 
cleared  out,  and  let  C  and  V  be  two  points 
from  which  all  the  stations  may  be  sighted. 
Measure  the  two  angles  at  each  station  and 
call  the  distance  CD  unity.  Solve  the  tri- 
angle BCD  for  the  side  5C,  and  the  triangle 
ADC  for  the  jside  AC.  We  now  have  in  the 
triangle  ABC  two  sides  and  the  included 
angle  to  find  the  other  angles.  When  these 
are  found  the  course  may  be  aligned  from  '  f^j  j,^ 
either  A  or  B.    It  will  often  happen  that 

either  C  or  Z>  or  both  can  be  taken  at  regular  stations.  Of 
course  a  target  must  be  left  at  either  C  or  D  to  be  used  in 
laying  out  the  line  from  A  or  B.  The  above  is  a  modification 
of  the  problem  (5),  p.  no.  A  use  of  this  expedient  will  often 
greatly  facilitate  the  work. 

400.  The  Heights  of  Stations  depend  on  the  relative  heights 
of  the  ground  at  the  stations  and  of  the  intervening  region.  If 
the  surface  is  level,  then  the  heights  of  stations  depend  only 
on  their  distance  apart.  In  any  case  the  distance  apart  is  so 
important  a  function  of  the  necessary  height  that  it  is  well  to  know 
what  the  heights  would  have  to  be  for  level,  open  country. 

The  following  table  ^  gives  the  height  of  one  station  when 
the  other  is  at  the  ground  level,  for  open,  level  country: 

*  Taken  from  Report  of  U.  S.  Coast  and  Geodetic  Survey  for  1882. 
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Table  IL 


DIFFERENCE    IN    FEET    BETWEEN    THE   APPARENT   AND    TRUE 
LEVEL  AT  DISTANCES  VARYING   FROM  1  TO  66  MILES 


Difference  in  Feet  for — 

Difference  in  Feet  for— 

Dis- 
tance. 

1 

Dis- 
tance. 

Miles. 

Curvature 

Miles. 

Curvature 

Curvature. 

Refraction. 

and 
Refraction. 

Curvature. 

Refraction. 

and 
Refraction. 

I 

0.7 

O.I 

0.6 

34 

771.3 

108.0 

663.3 

2 

2.7 

0.4 

2.3 

35 

817.4 

114. 4 

703.0 

3 

6.0 

0.8 

5.2 

36 

864.8 

121. 1 

743.7 

4 

10.7 

• 

1-5 

9.2 

37 

913.5 

127.9 

785.6 

5- 

16.7 

2.3 

14-4      1 

38 

963.5 

134.9 

828.6 

6 

24.0 

3-4 

20.6 

39 

1014.9 

142. 1 

872.8 

7 

32.7 

4.6 

28.1 

40 

1067.6 

M9-5 

918.1 

8 

42.7 

6.0 

36.7 

41 

1121.7 

157-0 

964.7 

9 

54.0 

7-6 

46.4 

42 

1177.0 

164.  S 

1012.2 

lO 

66.7 

9-3 

57-4 

43 

1233.7 

172.7 

1061.0 

II 

80.7 

"•3 

69.4 

44 

1291.8 

180.8 

IIII.O 

12 

96.1 

13-4 

82.7 

45 

1351.2 

189.2 

1162.0 

'3 

112. 8 

15.8 

97.0 

46 

1411.9 

197.7 

1214.2 

14 

130-8 

18.3 

112. 5 

47 

1474.0 

206.3 

1267.7 

IS 

150. 1 

21.0 

129. 1 

48 

1537.3 

215.2 

1322. I 

i6 

170.8 

23-9 

146.9 

49 

1602.0 

224.3 

1377.7 

I? 

192.8 

27.0 

165.8 

50 

1668. I 

233-5 

1434.6 

i8 

216.2 

30.3 

185.9 

51 

1735.5 

243.0 

1492.5 

19 

240.9 

33.7 

207.2 

52 

1804.2 

252.6 

1551-6 

20 

266.9 

37-4 

229-5 

53 

1874.3 

262.4 

1611.9 

21 

294.3 

41.2 

253.1 

54 

1945.7 

272.4 

1673.3 

22 

322.9 

45.2 

277.7 

55 

2018.4 

282.6 

1735-8 

23 

353 -o 

49-4 

303.6 

56 

2092.5 

292.9 

1799-6 

24 

384.3 

53.8 

330.5 

57 

2i')7,9 

303.5 

1864.4 

25 

417.0 

58.4 

358.6 

58 

2244.6 

314.2 

1930.4 

26 

451. 1 

63.1 

388.0 

59 

2322.7 

325-2 

1997.5 

27 

486.4 

68.1 

418.3 

60 

2402.1 

336.3 

2065.8 

28 

523-1 

73.2 

449-9 

61 

2482.8 

347.6 

2135-2 

29 

561.2 

78.6 

482.6 

62 

2564.9 

359.1 

2205.8 

30 

600.5 

84.1 

516.4 

63 

2648.3 

370.8 

2277-5 

31 

641.2 

89.8 

551.4 

64 

2733.0 

382.6 

2350.4 

32 

683-3 

95-7 

587.6 

65 

28x9.1 

394.7 

2424.4 

?>3> 

726.6 

101.7 

624.9 

66 

2906.5 

406.9 

2499-6 
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_  square  of  distance 

Curvature  = 


mean  diameter  of  earth' 
Log  curvature  =  log  square  of  distance  in  feet—  7.6209807; 

Refraction =—-w,  where  K  represents  the  distance  in  feet, 

R 

R  the  mean  radius  of  the  earth  (log  i?=  7.3199507),  and  m  the 

coefficient  of  refraction,^  assumed  at  .070,  its  mean  value,  sea 

coast  and  interior. 

Curvature  and  refraction=(i  — 2w)-— . 

2R 

Or,  calling  h  the  height  in  feet,  and  K  the  distance  in  statute 

miles,  at  which  a  line  from  the  height  h  touches  the  horizon, 

taking  into  account  terrestrial  refraction,  assumed  to  be  of  the 

same  value  as  in  the  above  table  (.070),  we  have 


7575  1-7426 

401.  Intervisibility  of  Stations.  The  following  examples  will 
serve  to  illustrate  the  use  of  the  preceding  table: 

I,  Elevation  of  InstrumerU  Required  to  Overcome  Curvature 
and  Refraction.  Let  us  suppose  that  a  line,  A  to  5,  was  18 
miles  in  length  over  a  plain,  and  that  the  instrument  could  be 
elevated  at  either  station,  by  means  of  a  portable  tripod,  to  a 
height  of  26  or  30  or  50  feet.  If  we  determine  upon  36.7  feet 
at  Ay  the  tangent  would  strike  the  curve  at  the  distance  repre- 
sented by  that  height  in  the  table,  viz.,  8  miles,  leaving  the 
curvature  (decreased  by  the  ordinary  refraction)  of  10  miles  to 
be  overcome.  Opposite  to  10  miles  we  find  57.4  feet,  and  a 
signal  at  that  height  erected  at  B  would,  under  favorable  refrac- 
tion, be  just  visible  from  the  top  of  the  tripod  at  -4,  or  be  on 
the  same  apparent  level.  If  we  now  add  8  feet  to  tripod  and 
8  feet  to  signal  pole,  the  visual  ray  would  certainly  pass  6  feet  above 
the  tangent  point,  and  20  feet  of  the  pole  would  be  visible  from  A, 

*  See  discussion  on  refraction,  Arts.  477-479. 
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II.  Elevations  Required  at  Given  Distances,  If  it  is  desired 
to  ascertain  whether  two  points  in  the  reconnoissance,  estimated 
to  be  44  miles  apart,  would  be  visible  one  from  the 
other,  both  elevations  must  be  at  least  278  feet  above  mean 
tide,  or  one  230  feet  and  the  other  331  feet,  etc.  This  supposes 
that  the  intervening  country  is  low,  and  that  the  ground  at  the 
tangent  point  is  not  above  the  mean  surface  of  the  sphere.  If 
the  height  of  the  ground  at  this  point  should  be  200  feet  above 
mean  tide,  then  the  natural  elevations  should  be  478  or  430  and 
531  feet,  etc.,  in  height,  and  the  line  is  barely  possible.  To 
insure  success,  the  theodolite  must  be  elevated  at  both  stations 
to  avoid  high  signals.  ^ 

Since  the  height  of  station  increases  as  the  square  of  the 
distance,  it  is  evident  that  the  minimum  aggregate  station  height 
is  obtained  by  making  them  of  equal  height.  Or,  if  the  natural 
ground  is  higher  at  one  station  than  the  other,  then  the  higher 
station  should  be  put  on  the  lower  ground — that  is,  when  the 
intervening  country  is  level.  If,  'however,  the  obstruction  is 
due  to  an  intervening  elevation,  the  higher  station  should  be  the 
one  nearer  the  obstruction. 

Ill*  To  determine  whether  the  line  of  sight  between  two  stations 
would  pass  above  or  below  the  summit  of  an  intervening  hilly  and 
how  much  in  either  case. 

Ai  =  height  of  lower  station.  di  =  distance  h\  to  A2. 

A3  =  height  of  higher  station.  (^2  =  distance  A2  to  A3. 

A2  =  height  of  intervening  hill. 

EXAMPLE 

h^—  625  feet 625  feet  strikes  horizon  at 33  miles 

/4=  2065  feet 65  —  33  =  32  miles 588  feet  of  elevation 

/4=  1 200  feet 32— 15  =  17  miles 166  feet  of  elevation 

rf, =50  miles 2065—588= 1477  feet 

65  1477 

rf3=»i5  miles —=4-3  ^^^  =* 343-5  ^<^t 

15  4-3 

and  /»,  the  height  of  the  line  at  the  hill,  =  1477  + 166  — 343.5  =  1299.5  ^^^^' 
Hence,  the  line  passes  1299.5  ~  1200  or  99.5  feet  above  the  hill  at  ^i,. 
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This  problem  of  intervisibility  may  also  be  determined  by 
the  following  formula:^ 

di 
X==hi-{-{hz-hi)--— — o.58o3(/i(/2, 

ai+a2 

in  which  a  mean  value  of  the  coefficient  of  refraction,  0.065,  ^^ 
used. 

Sometimes,  however,  a  very  high  or  •  abnormal  degree  of 
refraction  is  utilized  to  make  a  connection  on  long  lines.  Thus 
on  the  primary  triangulation  of  the  Great  Lakes  three  lines, 
respectively — 100,  93,  and  92  miles  in  length,  were  observed  across 
Lake  Superior,  which  could  not  have  been  done  except  that  the 
the  refraction  was  found  sometimes  to  exceed  twice  its  average 
amount.  The  line  from  station  Vulcan,  on  Keweenaw  Point, 
to  station  Tip-Top  in  Canada,  was  100  miles  in  length.  The 
ground  at  station  Vulcan  was  726  feet, above  the  lake,  and  the 
observing  station  was  elevated  75  feet  higher,  making  801  feet 
above  the  surface  of  the  lake.  The  station  at  Tip-Top  was  1523 
feet  above  the  lake,  the  observing  tripod  being  only  3  feet  high. 
From  the  above  table  we  find  that  the  line  of  sight  from  Vulcan 
would  become  tangent  to  the  surface  of  the  lake  at  a  distance  of 
37.4  miles,  and  that  from  Tip-Top  at  a  distance  of  51.5  miles, 
thus  leaving  a  gap  of  about  eleven  miles  between  the  points  of 
tangency,  for  ordinary  values  of  the  refraction.  If  this  interval 
were  equally  divided  between  the  two  stations  and  these  raised 
to  the  requisite  height,  we  would  find  from  the  table  that  Tij>-Top 
would  have  to  be  elevated  some  340  feet  and  Vulcan  some  260 
feet.  Since  this  was  not  done,  we  must  conclude  that  an  occa- 
sional excessive  value  of  the  refraction  was  sufficient  to  bend 
these  rays  of  light  by  about  these  amounts  in  addition  to  the 
ordinary  curvature  from  this  source.  In  other  words,  the  actual 
refraction  when  one  of  these  stations  was  visible  from  the  other 
must  have  been  more  than  double  its  mean  amount. 

*  Gillespie's  "  Surveying,"  VoU  II,  p.  22. 
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The  following  is  a  synopsis  of  the  heights  of  the  stations 
built  for  the  observation  of  horizontal  angles  in  the  primary 
triangulation  of  the  Great  Lakes: 

Total  number  of  stations  * 243 

Combined  height  of  stations 14, 100     feet 

Average  height  of  stations 58 

Average  height  of  stations  from  Chicago  to  Buffalo 81 .3 

Number  of  stations  less  than  10  feet  high 22 

**  *  *  from    10  feet  to  24  feet  in  height 18 

*'  *'  *'       25         '*     49  **  50 

"  "  *'      50        *'      74  *'  71 

*'       75         "      99  "  47 


<<  <(  <(  Y^v^  **        •wr>.rx  << 


100      '*  109         *'       18 

"  **  **     no        "    119  **  15 

*'  *'  "       120  "     124  '*  2 

The  heights  above  given  are  the  heights  at  which  the  instru- 
ment was  located  above  the  groimd.  The  targets  were  usually 
elevated  from  5  to  30  feet  higher. 

The  excessive  heights  of  the  stations  from  Chicago  to  Buffalo 
are  due  to  the  country  being  very  heavily  timbered,  and  the 
surface  only  gently  rolling.  In  the  vicinity  of  Lake  Superior 
they  averaged  only  about  35  feet  high,  while  from  Buffalo  to  the 
eastern  end  of  Lake  Ontario  they  averaged  51  feet  in  height. 

The  present  practice  of  the  U.  S.  Coast  and  Geodetic  Survey 
is  to  make  the  length  of  the  triangle  sides  the  most  economical  for 
the  particular  region.  This  has  reduced  the  length  of  the  sides 
and  the  height  of  the  towers  without  reducing  the  accuracy  of  the 
triangulation. 

402.  Construction  of  Stations.^  If  it  is  found  necessary  to 
build  tall  stations,  two  entirely  separate  structures  must  be 
erected,  one  for  carrymg  the  instrument  and  one  for  sustain- 

*  Only  stations  built  expressly  for  the  work  are  here  included.  Sometimes 
buildings  or  towers  were  utilized  in  addition  to  these. 

'  For  the  most  approved  detail  methods  of  constructing  and  erecting  stations, 
see  report  by  Mr.  J.  F.  Hayford,  in  Appendix  4,  p.  829,  Report  U.  S.  Coast  and 
Geodetic  Survey  for  1903.   Figs.  214,  215  are  taken  from  this  Bulletin. 
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Fig.  214. — Side  View  of  Triangulation  Tower  and  Tripod. 
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Fn.  215. — Plan  of  Tower,  Tripod  and  Guy  Wires. 
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ing  the  platform  on  which  the  observer  stands.  These  should 
have  no  rigid  connection  with  each  other.  These  structures  are 
shown  in  plan  and  elevation  in  Figs.  214  and  215.  The  inner 
station  is  a  tripod  on  which  the  instrument  rests;  this  is  sur- 
rounded by  a  quadrangular  structure,  shown  separately  in  eleva- 
tion to  prevent  confusion.  Both  structures  are  built  entirely  of 
wood,  the  outer  one  being  usually  carried  up  higher  than  the 
tripod  (not  shown  in  the  drawing),  and  the  target  fixed  to  its 
apex.    This  upper  framework  serves  also  to  support  an  awning 


Fig.  216. 


to  shade  the  instrument  from  the  sun.  For  lower  stations  a 
simpler  construction  will  serve,  but  the  observer*s  platform 
must  in  all  cases  be  separate  from  the  instrument  tripod.  The 
wire  guys  and  wooden  braces  shown  in  Fig.  215  were  not  used 
on  the  U.  S.  Lake  Survey  stations. 

For  stations  less  than  about  15  feet  in  height  the  design 
shown  in  Figs.  216  and  217  may  be  used.  Here  the  outer  plat- 
form on  which  the  observer  stands  is  entirely  separate  from  the 
tripod  which  supports  the  instrument.  For  ground  stations  a 
post  firmly  planted  serves  very  well,  or  a  tree  cut  off  to  the  proper 
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height.  The  common  instrumeat  tripod  will  seldom  be  found 
satisfactory  for  good  work.  Sometimes  extra  heavy  and  stable 
tripKxls  of  the  ordinary  pattern  have  given  excellent  results, 
when  the  tripod  legs  were  supported  by  2X4  inch  stakes  firmly 
driven  into  the  ground.  Precautions  also  should  be  taken  to  have 
the  tripod  \^f^  securely  clamped  to  the  tripod  head. 


403.  Targets.  The  requisites  of  a  good  target  arc  that  it 
shall  V)e  clearly  visible  against  all  backgrounds,  readily  bisected, 
rigid,  capable  of  being  accurately  centred  over  the  station,  and 
so  constructed  that  the  centre  of  the  visible  portion,  whether 
in  sun  or  in  shade,  shall  coincide  with  its  vertical  axis. 

It  is  not  easy  always  to  fulfil  these  conditions  satisfactorily. 
To  make  it  visible  against  light  or  dark  backgrounds,  it  is  well 
to  paint  it  in  alternating  black  and  white  belts.  For  ready 
bisection  it  should  be  as  narrow  as  possible  for  distinctness.  This 
is  accomplished  by  making  the  width  subtend  an  angle  of  from 
two  to  four  seconds  or  arc.  Since  the  arc  of  one  second  is  three- 
tenths  of  an  inch  for  i  mile  radius,  an  angle  of  four  seconds 
would  give  a  target  one-tenth  of  a  fool  in  diameter  for  i-mile 
distances,  or  i  foot  in  diameter  for  10  mile  distances.  Some- 
thing depends  on  the  magnifying  power  of  the  telescope  used. 
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The  design  shown  in  Fig.  218  will  satisfactorily  satisfy  the  con- 
ditions as  to  rigidity  and  convenience  of  centring.  Of  course 
it  should  stand  vertically  over  the  station  so  that  a  reading  could 
be  taken  on  any  part  of  its  height.  The  last  condition  is  not 
so  easily  satisfied.  If  a  cylinder -or  cone  be  used  the  illuminated 
portion  only  will  appear  when  the  sun  is  shining,  and  a  bisection 
on  this  portion  may  be  several  inches  to  one  side  of  the  true  axis. 

The  target  is  then  said  to  present  a  phase,  and  corrections 
for  this  are  sometimes  introduced.  It  is  much  better,  however, 
to  use  a  target  which  has  no  phase.  If  the  target  is  to  be  read 
mostly  from  one  general  direction,  a  surface,  as  a  board,  may 
be  used;  but  if  the  target  is  to  be  viewed  from  various  points 
of  the  compass,  then  from  those  stations  which  lie  nearly  in  the 
plane  of  the  target  it  would  not  be  visible,  from  its  width  being 
so  greatly  foreshortened. 

In  this  case  two  planes  could  be  set  at  right  angles,  one  above 
the  other.  One  or  both  would  then  be  visible  from  all  points, 
and  since  their  axes  are  coincident,  either  one  could  be  used. 
The  objection  to  this  would  be  that  the  upper  disk  would  cast 
its  shadow  at  times  on  the  lower  one,  leaving  one  side  in  sun 
and  the  other  in  shade,  thus  gi^^ng  rise  to  the  very  evil  it  is 
sought  to  eliminate.  A  very  satisfactory  solution  of  this  problem 
was  made  on  the  Mississippi  River  Sur\'ey  by  means  of  the 
following  device  (Fig.  219):  Four  galvanized-iron  wires,  about 
three-sixteenths  inch  in  diameter,  are  bent  into  a  circle  of,  say, 
4  inches  in  diameter,  and  soldered.  To  these  four  circles 
are  attached  four  vertical  wires  about  one-fourth  inch  in  diam- 
eter and  4  feet  long,  as  shown  in  the  accompanying  figure. 
All  joints  to  be  securely  soldered,  the  size  of  the  wire  increasing 
with  the  size  of  the  target.  The  target  is  now  divided  into  a 
number  of  zones  by  stretching  black  and  white  canvas  alternately 
and  in  opposite  ways  between  the  opposing  uprights,  making 
diametral  sections.  If  there  are  more  than  two  zones,  those 
marked  by  the  same  color  should  have  the  canvas  crossing  in 
different  ways,  so  that  if  one  plane  is  nearly  parallel  to  any  line 
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of  sight  the  other  plane  of  this  color  will  be  nearly  at  ri^t  angles 
to  it.  This  target  has  no  phase,  is  visible  against  any  background, 
and  readily  mounted.  A  wooden  block  may  be  inserted  at 
bottom,  with  a  hole  in  the  axis  of  the  target.  This  may  then 
be  set  over  a  nail  marking  the  station.  The  target  is  held  at 
top  by  wire  guys  leading  off  to  stakes  in  the  ground.    Such  a 


~iy^ 


Fio.  »i8. 


a  target  could  be  mounted  on  top  of  the  pole  shown  in  Fig.  218, 
if  it  should  be  found  necessary  to  elevate  it. 

404.  Heliotropes.  When  the  distance  between  stations  is 
such  that,  owing  to  the  distance,  the  state  of  the  atmosphere, 
or  the  small  size  of  the  objective  used,  a  target  would  appear 
indistinct,  or  perhaps  not  be  visible  at  all,  the  reflected  rays  of  the 
sun  may  be  made  to  serve  in  place  of  a  target.  This  limiting 
distance   is    usually  about    20   miles.      Any  device    for   accom- 
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plishing  this  purpose  may  be  called  a  heliotrope.  In  Figs.  220 
and  221  are  two  forms  of  such  an  instnunent.  That  shown  in 
Fig.  220  is  a  telescope  mounted  with  a  vertical  and  horizontal 
motion.  This  is  turned  upon  the  station  occupied  by  the  observer, 
and  is  then  left  undfeturbed.  On  the  telescope  are  mounted  a 
mirror  and  two  disks  with  circular  openings.  The  mirror  has 
two  motions  so  that  it  can  be  put  into  any  position.  Its  centre 
is  coincident  with  the  axis  of  the  disks  in  all  positions.    The 


Fig.  220. 


Fic.  221. 


mirror  may  be  turned  so  as  to  throw  a  beam  of  light  s)mimetrically 
through  the  forward  disk,  in  which  position  the  reflected  rays 
are  parallel  to  the  axis  of  the  telescope,  and  hence  fall  upon  the 
distant  point. 

The  heliotrope  shown  in  Fig.  221  is  to  be  used  in  ccxi junction 
with  a  single  disk,  which  may  be  a  plain  board  mounted  on  a 
plank  with  the  mirror.  The  silvering  is  removed  from  a  small 
cu"cle  at  the  centre  of  the  mirror.  The  disk  has  a  small  hole 
through  it  as  high  above  its  base  as  the  clear  space  on  the  mirror 
is  above  the  plank.    The  operator  points   the  apparatus   by 
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sighting,  through  the  clear  spot  on  the  mirror  and  the  opening 
in  the  disk,  to  the  distant  station.  If  the  plank  be  fastened  in 
this  position  the  attendant  now  has  only  to  move  the  mirror  so 
as  to  keep  the  cone  of  feflected  rays  symmetrically  covering  the 
opening  in  the  disk,  and  the  light  will  be  thrown  to  the  distant 
station. 

Since  the  cone  of  incident  rays  subtends  an  angle  of  about 
thirty-two  minutes,  the  cone  of  reflected  rays  subtends  the  same 
angle.  The  base  of  this  cone  has  a  breadth  of  about  50  feet 
to  the  mile  distance,  or  at  a  distance  of  20  miles  the  station 
sending  the  reflection  is  visible  over  an  area  in  a  vertical  plane 
1000  feet  in  diameter.  This  reflected  cone  of  rays  is  greatly 
increased  by  imperfections  in  the  surface  of  the  mirror  and  by 
the  variable  terrestrial  refraction  in  the  air  passed  through.  The 
alignment  of  the  heliotrope  need  not  be,  therefore,  very  accurate. 
This  alignment  may  vary  as  much  as  fifteen  minutes  of  arc  on 
either  side  of  the  true  line.  This  is  nearly  0.0 1  of  a  foot  in  a 
distance  of  2  feet.  If  the  bearing,  or  direction,  of  the  distant 
station  is  once  determined,  it  may  be  marked  on  the  station  by 
some  means  within  this  limit,  and  a  very  rude  contrivance  used 
for  sending  the  reflected  ray,  or  flash,  as  it  is  called.  Thus,  a 
mirror  and  a  disk  with  the  requisite  movements  may  be  mounted 
on  the  ends  of  a  board  or  pole  from  5  to  20  feet  long,  and 
when  thb  is  properly  aligned  it  serves  as  well  as  any  other  more 
expensive  apparatus.  The  hole  in  the  disk  should  usually  sub- 
tend an  angle  at  the  observer's  station  of  something  less  than 
one  second  of  arc,  which  is  a  width  of  three-tenths  of  an  inch 
to  the  mile  distance.  On  the  best  work  with  large  instruments 
it  should  subtend  an  angle  of  less  than  one-half  a  second,  the 
minimum  effective  opening  depending  almost  wholly  on  the 
condition  of  the  atmosphere.* 


*  Reflected  sunlight  has  been  seen  a  distance  of  60  miles,  through  an  open- 
ing one  inch  in  diameter,  which  then  subtended  an  angle  of  but  one-eighteenth 
of  one  second  of  arc  at  the  instrument.  This  would  require  a  very  clear  atmos- 
Dhefc. 
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More  uniform  results  can  be  secured  if  the  vaiious  images  are 
of  nearly  uniform  brightness.  To  secure  this  it  is  necessary  to 
vary  the  size  of  the  mirror  with  the  length  of  the  line  to  be 
observed.  For  ordinary  atmospheric  coAditions,  and  for  distances 
greater  than  about  lo  miles  the  formula 

may  be  used,  where  x  is  the  side  of  the  square  mirror  in  inches 
and  d  the  distance  in  miles,  or 

where  y  is  in  millimetres  and  s  in  kilometres.  In  general,  the 
mirror  should  be  as  small  as  possible  and  still  give  a  clear  and 
distinct  light.  Better  work  can  be  done  with  small  and  sharp 
signals  than  upon  large  and  very  bright  ones. 

Whatever  form  of  heliotrope  is  used,  an  attendant  is  required 
to  operate  the  apparatus.  Evidently  it  can  be  used  only  on 
clear  days,  whereas  cloudy  weather  is  much  better  adapted  to 
this  kind  of  work,  since  the  atmosphere  then  transmits  so  much 
clearer  and  steadier  an  image. 

The  heliotrope  can  be  used  as  a  means  of  communication 
between  distant  stations  by  some  fixed  code  of  flashing  signals,  and 
it  has  been  so  used  very  often  with  great  advantage  to  the  work. 
The  attendant  on  the  heliotrope,  usually  called  a  flasher,  can 
thus  know  when  the  observer  is  reading  his  signals,  when  he  is 
through  at  that  station,  and,  in  general,  can  receive  his  instruc- 
tions from  his  chief  direct  from  the  distant  station. 

405.  Geodetic  Night  Signals.  Mr.  C.  O.  Boutelle,  of  the 
U.  S.  Coast  and  Geodetic  Survey,  made  a  series  of  experiments 
in  1879  at  Sugar  Loaf  Mountain,  Maryland,  for  the  purpose  of 
testing  the  efficiency  of  certain  night  signals  and  the  comjmra- 
tive  values  of  day  and  night  work.  His  report  is  given  in 
Appendix  No.  8  of  the  Report  of  the  U.  S.  Coast  and  Geodetic 
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Survey  for  1880.  It  seems  that  either  the  common  Argand  or 
the  "  Electric  "  coal-oil  lamp,  assisted  by  a  parabolic  reflector  or 
by  a  large  lens,  gives  a  light  visible  for  over  40  miles.  His 
conclusions  are: 

1.  That  night  osber\'ations  are  a  little  more  accurate  than 
those  by  day,  but  the  difference  is  slight. 

2.  That  the  cost  of  the  apparatus  is  less  than  that  of  good 
heliotropes. 

3.  That  the  apparatus  can  be  manipulated  by  the  same  class 
of  men  as  those  ordinarily  employed  as  heliotropers. 

4.  That  the  average  time  of  observing  in  clear  weather  may 
be  more  than  doubled  by  observing  at  night,  and  thus  the  time 
of  occupation  of  a  station  proportionately  shortened;  "  clear- 
cloudy  "  weather,  when  heliotropes  cannot  show,  can  be  utilized 
at  night. 

Experiments  made  in  1902  by  Mr.  Wm.  Bowie  with  acetylene 
lamps  *  gave  even  better  results  than  with  the  oil  lamp.  Expe- 
rience has  shown  that  satisfactory  results  can  be  secured  on 
lines  not  exceeding  20  to  35  miles  in  length.  Not  only  are  the 
signals  steadier  at  night,  but  the  period  of  good  seeing  is  very 
much  greater  than  during  the  day.  Partly  as  a  result  of  this, 
the  work  done  by  Mr.  Bowie  shows  that  the  observation  of  angles 
was  completed  at  five  stations  in  a  single  day  and  at  twenty-seven 
stations  in  two  days  each.  This  is  very  much  shorter  time  than 
has  been  taken  previously. 

406.  Station  Marks.  If  the  triangulation  is  to  serve  for  the 
fixing  of  points  for  future  reference,  then  these  points  must  be 
marked  in  some  permanent  manner.  In  this  case  the  station  should 
be  so  chosen  that  the  surface  for  a  few  feet  around  the  station 
shall  always  remain  undisturbed.  To  insure  against  disturbance 
from  frost  or  otherwise,  the  real  mark  is  usually  set  several  feet 
underground.     Many  different  means  are  employed  to  mark  these 


*  Report  of  J.  F.  Hayford,   U.  S.  Coast  and  Geodetic  Survey  Report,  1903, 
pp.  824-27.     The  lamp  used  was  a  modified  bicycle  lamp. 
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points.  The  underground  mark  is  to  serve  only  when  the  super- 
ficial marks  have  been  disturbed,  there  being  always  left  a  mark 
of  some  kind  projecting  above  ground.  On  the  U.  S.  Lake 
Survey,  "  the  geodetic  point  is  the  centre  of  a  J-inch  hole  drilled 
in  the  top  of  a  stone  2  feet  by  6  inches  by  6  inches,  sunk  2  J  feet 
below  the  surface  of  the  ground.  When  the  occupation  of  the 
station  is  finished,  a  second  stone  post,  rising  8  inches  above 
the  ground,  is  placed  over  the  first  stone.  Three  stone  reference 
posts,  3  feet  long,  rising  about  a  foot  above  the  ground,  are  set 
within  a  few  hundred  feet  of  the  station,  where  they  are  the  least 
likely  to  be  disturbed.  A  sketch  of  the  topography  within  a 
radius  of  400  metres  about  the  station  is  made,  and  the  distances 
and  azimuths  of  the  reference  marks  are  accurately  determined." 

When  the  station  is  located  in  natural  rock  a  copper  bolt 
may  be  set  to  mark  the  geodetic  point,  with  one  or  more  arrows 
cut  in  the  rock  pointing  to  the  station. 

On  the  Mississippi  River  survey,  stations  had  to  be  set  on 
ground  subject  to  overflow.  These  were  to  serve  both  for 
geodetic  points  and  for  bench  marks,  both  their  geographical 
position  and  their  elevation  being  accurately  determined.  Both 
the  rank  growth  and  the  sedimentary  deposits  from  the  annual 
overflows  would  soon  obliterate  any  mark  which  was  but  slightly 
raised  above  the  surface.  After  much  study  given  to  the  sub- 
ject, the  following  method  of  marking  such  points  was  adopted: 
A  flat  stone  18  inches  square  and  4  inches  thick,  dressed  on  the 
upper  side,  has  a  hole  drilled  in  the  centre,  into  which  a  copper 
bolt  is  leaded,  the  end  projecting  a  quarter  of  an  inch  above  the 

U    S 
face  of  the  stone.     The  stone  is  marked  thus,   ^  *  ir>  ^^d    is 

placed  3  feet  under  ground.  On  this  stone,  and  centred  over  the 
copper  bolt,  a  cast-iron  pipe  4  inches  in  diameter  and  5  feet  long 
is  placed,  and  the  dirt  tamped  in  around  it.  The  pipe  is  large 
enough  to  admit  a  levelling-rod.  The  top  is  closed  with  a  cap, 
which  is  fastened  to  the  pipe  by  means  of  a  bolt.  The  elevations 
of  both  the  top  of  the  pipe  and  of  the  stone  are  determined. 
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A  careful  description  of  each  station  and  all  the  reference 
marks  together  with  a  sketch  of  their  position  should  be  turned 
in  for  record.  It  would  be  useful  if  information  regarding  the 
best  route  to  reach  the  station  is  also  included. 


Measurement  of  the  Base  Line 

407.  Preparation  of  the  Line.  The  considerations  which 
govern  the  location  of  the  base  line  are  discussed  in  Art.  395. 
The  preparation  of  the  base  will  depend  upon  whether  bars  or 
tapes  are  to  be  used  in  measurement.  At  the  present  time  steel 
tapes  are  in  general  use.  The  first  step  consists  in  placing  sub- 
stantial stone  monuments  for  the  purpose  of  marking  the  ends  of 
the  base.  If  the  subsoil  be  unstable  these  monuments  should  be 
set  on  a  wide  concrete  base,  the  exact  point  is  marked  by  fine  cross 
lines  cut  on  a  copper  bolt  sunk  into  the  stone.  To  insure  against 
disturbance  an  underground  mark  should  be  set  in  addition  to 
the  surface  mark.  Sufficient  intermediate  stone  should  also  be 
set  to  divide  the  base  into  convenient  sections  of  about  a  mile. 

If  the  tape  is  ta  be  used,  4X4  inch  posts  should  next  be  firmly 
set  along  the  entire  base  at  distances  of  the  shortest  tape  length. 
Careful  levels  are  then  run  over  the  posts,  and  intermediate 
supports  are  set  at  such  intervals  as  may  be  throught  proper,  and 
usually  so  as  not  to  break  grades  between  posts.  Wire  nails  may 
be  driven  on  such  grade  to  support  the  tape.  Care  should  be 
taken  to  set  the  tape  posts  with  considerable  accuracy  so  as  to 
avoid  many  ''set  ups'^  or  "set  backs"  when  the  line  is  meas- 
ured. Finally,  brass  or  zinc  strips,  firmly  nailed  to  the  tops  of 
the  posts,  serve  to  record  and  hold  the  tape  contacts. 

If  some  form  of  base  bars  is  to  be  used,  the  base  line  only 
needs  subdivision  into  kilometre  or  perhaps  half-mile  sections. 

408.  Base  Apparatus.  The  essential  features  sought  for  in 
a  base- measuring  apparatus  are: 

I.  The  terminal  points  must  remain  at  an  imvarying  distance 
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apart,  during  the  measurement,  or  else  the  variations  in  length 
must  admit  of  easy  and  accurate  determination. 

2.  The  unit  used  in  the  measurement  must  be  compared  with 
some  known  standard  in  order  that  its  absolute  length  may  be 
accurately  determined. 

3.  Base  apparatus  must  be  so  constructed  as  to  admit  of  ease 
and  rapidity  in  handling,  stability  in  its  supports,  and  great 
accuracy  and  certainty  in  making  exact  contact. 

Base  apparatus  may  be  classed  as  follows: 

1.  Contact  apparatus,  including  compensating  bimetallic  bars 
and  monometallic  bars. 

2.  Optical  apparatus,  including  compensating  bimetallic  bars 
and  monometallic  bars. 

3.  Tapes  and  wires. 

409.  Contact  Apparatus.  In  this  form  of  apparatus  the  ends 
of  the  bars  are  brought  into  successive  contacts,  since  the  length 
of  the  bar  is  the  distance  between  its  extreme  ends.  Contact  bars 
usually  are  provided  with  a  slide  carrying  the  bar  terminal  and 
working  against  a  spring.  The  length  of  such  a  bar  is  the  dis- 
tance between  its  terminal  points  when  a  line  on  the  slide  coin- 
cided with  a  line  on  the  bar.  The  best  example  of  this  type  of 
apparatus  is  the  U.  S.  Coast  and  Geodetic  Sur\^ey  "  Duplex  Bars." 
See  Figs.  222  and  223. 

410.  Optical  Apparatus.  In  this  type  of  apparatus  the  bar 
length  is  fixed  by  a  fine  line  cut  on  its  neutral  axis.  Only  one 
bar  is  required,  but  two  or  more  microscopes  properly  mounted  on 
secure  standards  are  needed.  These  microscopes  are  pointed  and 
read  on  two  end  marks,  after  which  the  bar  is  moved  forward^  the 
forward  microscope  meanwhile  holding  the  measure.  The  rear 
end  is  brought  under  this  same  microscope  while  at  the  same 
instant  a  pointing  and  reading  is  taken  to  the  forward  end  line 
by  another  microscope,  and  the  process  repeated.  A  good 
example  of  this  type  of  apparatus  is  the  U.  S.  Coast  and  Geodetic 
Survey  "  Iced  Bar."  ^ 

*  For  description  see  U.  S.  Coast  and  Geodetic  Survey  Reports  for  1892  and  1897. 
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411.  Compensating  Apparatus.  In  this  form  of  apparatus 
the  attempt  is  made  to  keep  the  two  ends  of  the  apparatus  at  the 
same  distance  apart,  independent  of  any  change  of  temperature. 
Because  of  mechanical  difficulties  in  the  construction  none  of  the 
attempts  to  produce  a  compensating  apparatus  have  been  suc- 
cessful. The  most  satisfactory  form  of  this  apparatus  is  one 
designed  by  Schott.  See  U.  S.  Coast  and  Geodetic  Sun^ey  Report 
for  1882,  p.  107. 

412.  The  Iced-Bar  Apparatus.^  This  consists  of  a  steel  bar, 
5.02  metres  long,  8  millimeters  thick,  and  32  millimetres  deep,  so 
supported  in  a  steel  trough  filled  with  melting  ice  as  to  allow 
vertical  and  horizontal  alignment.  All  uncertainty  regarding 
temperature  is  thus  removed.  The  bar  length  is  indicated  by 
microscopic  lines  engraved  upon  the  surface  of  platinum-iridium 
plugs  set  near  the  ends  of  the  bar  and  on  its  neutral  axis. 
The  trough  is  supported  by  a  carriage  movable  upon  a  track. 
A  sector  for  obtaining  the  vertical  alignment  is  attached  to  the 
trough.  The  successive  positions  of  the  ends  of  the  bar  are 
fixed  by  powerful  microscopes  firmly  attached  to  stout  posts 
solidly  planted  in  the  ground.  This  apparatus  is  too  slow  for 
measuring  a  base  line.  Its  chief  use  has*been  to  calibrate  the 
apparatus  used  in  base-line  measurements. 

4x3.  The  "  Duplex  **  Bars.  This  base  apparatus,  invented 
by  Wm.  Eimbeck,  is  shown  in  Figs.  222  and  223.2  It  consists 
of  two  measuring  tubes,  5  metres  long,  each  containing  two  hollow 
cylindrical  bars,  one  of  steel  and  one  of  brass.  As  the  expansion 
of  brass  is  about  one  and  one-half  times  that  of  steel,  there  will 
be  only  one  temperature  at  which  both  bars  are  of  the  same 
length.  This  temperature  is  called  the  normal  or  duplex  tem- 
perature.   The  coefficient  of  expansion  of  both  bars  and  the 


*  For  a  full  description  of  this  apparatus  and  manner  of  use  see  Report  of  U.  S. 
Coast  and  Geodetic  Survey  for  1892.  The  apparatus  was  designed  by  Mr.  R.  S. 
Woodward. 

*  For  a  full  description  of  this  interesting  mechanism  see  Appendix  II,  U.  S. 
Coast  and  Geodetic  Survey  Report  for  1897. 
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exact  length  and  temperature  of  the  bars  when  of  the  same  length 
constitutes  their  calibration.  This  is  accomplished  by  measuring 
a  known  distance  with  the  apparatus  at  two  very  different  tem- 
peratures. (The  known  distance  usually  is  loo  metres  as  deter- 
mined by  the  iced-bar  apparatus,  Art.  412.)  With  the  absolute 
(as  well  as  the  relative)  lengths  of  both  bars,  and  their  coefficients 
of  expansion  thus  determined,  the  length  of  each  bar  at  any 
temperature  is  readily  obtained. 

414.  Field  Methods  with  Duplex  Bars.  Fig.  222  shows 
a  single  measuring  tube,  mounted  on  two  wooden  tripods.  Two 
such  tubes  are  used  in  the  measurement.  In  service  these  are 
aligned  by  means  of  the  telescope  at  the  left  end,  and  its  vertical 
angle  is  determined  by  means  of  the  sector  mounted  on  the  side  at 
the  centre  of  the  tube.  The  measuring  bars  project  at  both 
ends.  These  bars  are  brought  into  end  contact  by  means  of 
thumbscrews,  as  shown  in  Fig.  223.  These  thumbscrews  move 
the  bars  bodily  in  the  tube  against  the  action  of  spiral  springs. 
The  end  contacts  are  made  steel  to  steel  and  brass  to  brass. 
The  rear  tube  is  then  carried  forward  and  its  rear  end  brought 
into  contact  with  the  forward  end  of  the  stationary  tube,  and 
contact  made  again  by  moving  the  bars  in  the  forward  tube. 
These  contact  ends  are  agate  surfaces,  one  being  a  vertical  plane 
and  the  other  which  meets  it  a  horizontal  knife-edge.  The  work 
proceeds  in  this  way  at  an  average  rate  of  some  fifty  or  sixty  tubes 
(250  or  300  metres)  an  hour,  a  maximum  speed  of  eighty  tubes 
having  been  attained.  The  bars  were  first  used  under  an  awning 
frame,  which  was  dragged  forward  on  sled-runners  by  a  team. 
Good  results  are  now  obtained,  however,  by  working  in  the 
open.  The  relative  position  of  the  bars  in  the  tube  can  be 
changed  by  rotating  180°  the  inner  or  **  reversing  "  tube,  which 
carries  the  bars,  the  outer  or  '*  truss  "  tube  remaining  fixed. 

Since  the  brass  bar  will  in  general  be  longer  or  shorter  than 
the  steel  bar  (longer  for  temperatures  above  and  shor^^cr  for 
temperatures  below  the  normal),  it  is  clear  that  by  always  bring- 
ing steel  to  steel  and  brass  to  brass  in  making  the  end  contacts, 
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one  bar  will  continually  gain  upon  the  other.  There  is  an  arrange- 
ment, however,  for  moving  the  brass  bar  forward  or  back  with 
reference  to  the  steel  whenever  this  deviation  reaches  too  large 
an  amount,  as  5  centimetres,  for  instance.  There  is  a  vernier 
attached  to  the  steel  bar  at  each  end,  which  reads  upon  a  scale 
upon  the  brass  bar,  by  means  of  which  this  occasional  adjust- 
ment can  be  determined  and  its  amount  recorded  in  the  notes. 
With  these  corrections  applied  there  will  result  two  continuous 
measurements  of  the  base,  one  by  the  steel  bar  and  one  by  the 
brass  bar.  Three  mercurial  thermometers  are  placed  in  each  tube, 
and  all  are  read  for  part  of  the  contacts;  these  may  or  may  not 
be  given  weight  in  computing  the  length  of  the  base.  The  relative 
lengths  of  the  entire  base  as  measured  by  the  steel-bar  record  and 
by  the  brass-bar  record  give  the  key  to  the  average  temperature 
of  both  bars  for  the  entire  ba^e,  provided  the  two  bars  be  assumed 
to  always  have  the  same  temperature.  Since  these  bars  are  in 
reality  small  tubes,  of  a  relative  thickness  of  metal  to  compensate 
for  relative  specific  heats  and  conductivities,  and  are  both  enclosed 
in  a  double  tubular  covering,  it  has  been  found  by  trial  that  they 
may  be  assumed  to  always  have  the  same  temperature. 

A  single  measurement  of  the  base  line  with  this  apparatus 
(including  the  thermometers)  will  give  three  determinations  of 
the  base  length,  viz. : 

1.  The  duplex  length  with  temperature  deduced  from  the 
difference  in  the  steel  and  brass  measures. 

2.  The  steel  bars  with  the  temperature  deduced  by  the  mer- 
curial thermometers. 

3.  The  brass  bars  with  the  temperature  indicated  by  the 
mercurial  thermometer. 

While  these  measurements  are  not  absolutely  independent  of 
each  other,  they  afford  a  valuable  check  upon  the  reliability  of 
the  measurements. 
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ElKAMPLE 

Both  bars  are  found  to  have  a  length  of  5  metres  at  a  temperature  of  16.6®  C. 
The  coefficient  of  expansion  of  the  steel  bars  as  determined  was  0.0000117  and 
of  the  brass  bar  0.0000175  per  degree  centigrade.  The  length  of  a  base  line 
in  terms  of  the  steel  bar  was  found  to  be  8000.551  metres.  In  terms  of  brass 
bar,  8000.319  metres.     What  is  the  correct  length  of  the  base  litie? 

Coefficient  steel,    0.0000117 
brass,  0.0000175 


i  I 


Difference,  0.0000058 

8000 


.0464000  difference  in  base  per  degree  C. 
2  dif.  in  length  of  base— o"™.232. 

qHi  232-*-o'".0464=5.     Hence  the  mean  temperature  of  the  apparatus  as  used 
in  the  field  was  16° .6+5''=  21^6  C. 

415.  Secondary-Base  Apparatus.  This  is  an  apparatus  used 
by  the  U.  S.  Coast  and  Geodetic  Survey,  consisting  of  two  separate 
cylinders.  Each  cylinder  contains  a  cylindrical  steel  rod  5  metres 
long  and  9  millimetres  in  diameter,  with  usual  contact  slides  and 
agate  terminals  (Art.  413).  Each  steel  rod  rests  in  a  built-up 
wooden  bar,  7.5  centimetres  wide,  14  centimetres  thick,  and  4.9 
metres  long.  Each  rod  carries  two  thermometers  inserted  near 
each  end  on  opposite  sides  of  the  bar  and  in  metallic  contact 
with  it.  Because  the  temperature  of  the  bars  lag  behind  the 
temperature  of  the  air  and  of  the  thermometer  bulbs,  the  best 
results  can  be  obtained  only  by  dividing  the  measurement  equally 
between  periods  of  rising  and  falling  temperatures. 

416.  Steel-Tape  Apparatus.  The  Steel  Tape  furnishes  the 
most  convenient,  rapid,  and  economical  means  for  measuring 
any  distance  for  any  desired  degree  of  accuracy  up  to  about 
I  in  500,000,  and  if  the  most  favorable  times  are  chosen,  an 
accuracy  of  i  in  1,000,000  may  be  attained.  The  conditions  of 
use  depend  on  the  accuracy  required.  If  we  suppose  the  absolute 
length,  coefficient  of  expansion,  and  modulus  of  elasticity  have 
been  accurately  determined,  any  distance  can  then  be  measured 


GEODETIC  SURVEYING  567 

in  absolute  units  within  an  accuracy  of  i  in  1,000,000,  by  taking 
due  precautions  as  to  temperature  and  mechanical  conditions.^ 
For  base-line  measurement  the  length  should  be  from  200  to 
500  feet,2  and  its  cross-section  from  0.002  to  0.003  ^^  ^  square 
inch.  For  an  accuracy  of  i  in  5000  the  tape  may  be  used  in 
all  kinds  of  weather,  held  and  stretched  by  hand,  the  horizontal 
position  and  amount  of  pull  estimated  by  the  chainmen.  The 
temperature  may  be  estimated,  or  read  from  a  thermometer 
carried  along  for  the  purpose.  On  uneven  ground,  the  end 
marks  are  given  by  plumb-line. 

For  an  accuracy  of  i  in  50,000  the  mean  temperatiu-e  of  the 
tape  should  be  known  to  the  nearest  degree  Fahrenheit,  the  slope 
should  be  determined  by  stretching  over  stakes,  or  on  ground 
whose  slope  is  determined,  and  the  pull  should  be  measured  by 
spring  balances.  The  work  could  then  be  done  in  almost  any 
kind  of  cloudy  weather.  For  an  accuracy  of  i  in  500,000,  extreme 
precautions  must  be  taken.  The  mean  temperature  must  be 
determined  to  about  one- fifth  of  a  degree  F.,  the  slope  must  be 
accurately  determined  by  passing  the  tape  over  points  whose 
elevations  above  a  given  datum  are  known,  the  pull  must  be  known 
to  within  a  few  ounces,  and  all  friction  must  be  eliminated.  The 
largest  source  of  error  is  apt  to  be  the  temperature.  On  clear 
days,  the  temperature  of  the  air  varies  rapidly  for  varying  heights 
above  the  ground,  and,  besides,  the  temperature  of  the  tape 
would  neither  be  that  of  the  air  surrounding  it,  nor  of  the  bulb 
of  a  mercurial  thermometer.  In  fact,  there  is  no  way  of  deter- 
mining by  mercurial  thermometer,  even  within  a  few  degrees, 
the  mean  temperature  of  a  steel  tape  lying  in  the  sun,  either 


*  So  far  as  is  known  steel  tapes  were  first  used  for  measuring  base  lines  in 
New  Zealand  in  187 1,  by  Mr.  Edwin  Fairbum.  The  tape  was  66  feet  long,  and 
the  lengths  were  marked  on  lead.  See  The  Sun>eyor  (Sydney,  N.  S.  \V.)  for 
Sept.  21,  1900. 

*  On  the  U.  S.  Coast  and  Geodetic  Survey  tapes  of  50  and  100  metre  lengths 
have  been  fbund  most  economical  in  use.  The  longer  the  tape  the  larger  the 
number  of  the  party  required. 
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on  or  at  varying  heights  above  the  ground.  The  work  must 
then  be  done  at  nighi  or  in  cloudy  weather,  and  when  air  and 
ground  are  at  about  the  same  temperature. 

There  should  also  be  only  a  slight  wind,  both  on  account  of 
its  mechanical  action  on  the  tape,  and  from  the  temperature 
variations  resulting  therefrom. 

417.  Method  of  Mounting  and  Stretching  the  Tape. 
Friction  is  sufficiently  eliminated  if  the  tape  be  supported  by 
nails  driven  on  line  at  intervals  of  from  25  to  75  feet.  The  longer 
the  distance  between  supports  the  greater  the  tension  needed. 
These  nails  may  be  set  on  grade  or  not,  as  desired;  but  if  not 
on  grade,  then  each  point  of  support  must  have  its  elevation 
determined.  A  low  point  should  not  intervene  between  two 
higher  ones,  else  the  pull  on  the  tape  will  lift  it  from  such  support. 
See  also  Art.  407  on  preparation  of  line. 

Several  methods  for  stretching  the  tape  are  in  common  use. 
On  the  U.  S.  Coast  and  Geodetic  Survey  a  spring  balance  attached 
to  a  lever  (see  Fig.  224)  is  used  which  is  forced  into  the  ground. 
The  height  of  the  balance  is  regulated  by  a  wheel  nut  so  as  to 
keep  the  tape  level  with  the  top  of  zinc  or  copper  contact  strips. 

The  use  of  a  weight  running  over  a  pulley  with  bicycle  bearings 
has  also  given  entire  satisfaction.  The  form  shown  in  Fig.  225 
has  been  used  for  over  ten  years  in  the  summer  school  of  the 
University  of  Wisconsin.^ 

418.  Thermometers.  Mercurial  thermometers,  graduated  to 
half  degrees  and  read  to  fifths  of  a  degree,  should  be  used.  At 
least  two  thermometers  should  be  used,  care  being  taken  to 
distribute  them  proportionately  along  the  tape,  and  to  hold 
them  at  the  same  distance  from  the  ground  as  the  tape. 

419.  Balances.  As  a  spring  balance  is  adjusted  to  show 
correct  weight  when  held  vertical,  a  small  correction  must  be 
introduced  to  give  correct  tensions  when  the  balance  is  held 

*  For  a  full  description  see  Transactions  Am.  Soc.  C.E.,  Vol.  XLVIII,  p.  130, 
by  L.  S.  Smith,  Asso.  M.  Am.  Soc.  C.E. 
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Fic.  3J4-— Tape-Sirctching  Device  used  by  U,  S.  C.  and  G.  S. 
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Fig.  225. — Tape-Stretching  Device  used  by  University  of  Wisconsin. 
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horizontally.    An  index  error  may  also  develop  as  a  result  of 
wear  and  other  causes. 

Let  «  be  the  index  correction  to  reduce  to  actual* tension  in 
the  tape.  Then  e  is  the  reading  of  the  index  when  the  balance 
is  vertical  and  the  hook  end  down.  Let  E  be  the  reading  of  the 
index  when  the  balance  is  suspended  by  its  hook,  hook  end  up. 
Let  W  be  the  correct  weight  of  the  balance.  Then  if  T  denotes 
the  reading  of  the  index  when  the  balance  is  held  horizontal  and 
V  the  corresponding  true  tension,  we  have 

420.  M.  Jaderin's  Method.  Professor  Edward  Jaderin,  of 
Stockholm,  has  brought  the  measurement  of  distances  by  wires 
and  steel  tapes  to  great  perfection.  He  uses  a  tape  25  metres 
in  length,  and  stretches  it  over  tripods  set  in  line,  as  shown  in 
Fig.  226,    On  the  top  of  the  tripod  head  is  a  fixed  graduation. 


Fig.  226. 

At  the  rear  end  of  the  tape  there  is  a  single  graduation,  but  at 
the  forward  end  a  scale  10  centimetres  in  length  is  attached  to 
the  tape,  this  being  graduated  to  millimetres  on  a  bevelled  edge. 
The  middle  of  this  scale  is  25  metres  from  the  graduation  at  the 
other  end  of  the  tape.  The  tripods  are  set  as  near  as  may  be  to 
an  interval  of  25  metres,  but  it  is  evident  that  the  reading  may 
be  taken  on  them  if  this  interval  is  not  more  than  5  centimetres 
more  or  less  than  25  metres.    The  reading  is  taken  to  tenths  of 
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millimetres,  the  tenths  being  estimated.  The  tape  is  stretched 
by  two  spring  balances,  a  very  stiff  spring  being  used  at  the  rear 
end  and  a  very  sensitive  one  at  the  forward  end.  The  rear 
balance  simply  tells  the  operator  here  when  the  tension  is  approx- 
imately right,  the  measure  of  this  tension  being  taken  on  the 
forward  balance,  which  is  shown  in  the  figure. 

If  a  single  steel  wire  or  tape  be  used,  Mr.  Jaderin  also  finds 
that  the  work  must  be  done  in  cloudy  and  calm  weather,  or 
at  night,  if  the  best  results  are  to  be  obtained.  But  he  finds 
that  if  two  wires  be  used,  one  of  steel  and  the  other  of  brass, 
he  can  continue  the  work  during  the  entire  day,  even  in  sunshine 
and  wind,  and  obtain  an  accuracy  of  about  one  in  1,000,000  in 
his  results.^  The  wires  are  stretched  in  succession  over  the 
same  tripods,  by  the  same  apparatus,  one  wire  resting  on  the 
ground  while  the  other  is  stretched.  More  accurate  results 
could  doubtless  be  obtained  if  both  wires  are  kept  oflf  the  ground 
constantly,  the  wire  not  in  use  being  held  by  two  assistants,  or 
if  stakes  and  wire  hooks  are  used,  both  wires  might  be  stretched 
at  once  in  the  same  hooks.  The  two  wires  form  a  metallic  ther- 
mometer, the  difference  between  the  readings  of  the  same  distance 
by  the  two  wires  determining  the  temperature  of  both  wires, 
when  their  relative  lengths  at  a  certain  temperature  and  their 
coefficients  of  expansion  are  known.  This  method  is  similar  in 
principle  to  that  of  the  duplex-bar  apparatus,  where  steel  and 
brass  bars  are  used,  shown  in  Fig.  222.  In  such  cases  the  true 
length  of  line  is  found  by  Eq.  (5),  p.  580. 

If  the  appliances  above  outlined  be  used  with  a  single  tape 
or  wire,  j-nd  the  work  be  done  on  calm  and  densely  cloudy 
days,  or  at  night,  or  with  two  wires  used  even  in  clear  weather, 

'  See  Geod^iische  Langenmessung  mit  Stahlbanden  und  Metalldrahten  von 
Edv.  jaderin,  Stockholm  (1885,  57  pp.).  Also,  Expose  ^l^mentaire  de  la  nouvelle 
Methodc  dc  M.  Edouard  Jaderin  pour  la  mcsure  dcs  droites  g^oddsiques  au  moyen 
de  Bandes  d'Acier  et  de  Fils  m^talliques,  par  P.  E.  Bergstrand,  Ing^ieur  au 
Bureau  central  d'Arpentage,  k  Stockholm  (1885,  48  pp.)-  See  also  U.  S.  Coast  and 
Geodetic  Survey  Report  for  1893,  p.  125,  for  a  complete  translation  of  this  report. 
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it  is  not  difficult  to  make  the  successive  measurements  agree  to 
an  accuracy  of  i  in  500,000.  There  still  remains,  however, 
the  errors  in  the  absolute  length,  in  the  coefficient  of  expansion, 
in  the  modulus  of  elasticity,  in  the  measure  of  the  pull,  and  in 
the  alignment,  none  of  which  would  appear  in  the.  discrepancies 
between  the  successive  measurements. 

421.  Nickel-Steel  Tapes,  The  name  **  invar"  has  been 
given  to  a  alloy  of  nickel  and  steel  which  possesses  the  valuable 
property  of  having  a  very  low  coefficient  of  expansion.^  By 
varying  the  proportions  of  the  materials,  almost  any  coefficient 
of  expansion  may  be  obtained,  some  specimens  even  showing  a 
negative  coefficient.  Tapes  with  a  coefficient  of  about  one-thirtieth 
of  steel  have  commonly  been  used.  These  tapes  are  rather  soft, 
easily  bent,  and  not  nearly  as  elastic  as  steel.  Without  tension 
the  tapes  appear  crooked  and  full  of  small  bends,  but  most  of 
this  irregularity  disappears  upon  applying  a  tension  of  20  to 
30  pounds.  Experiments  ^  made  in  the  laboratory  indicated  that 
the  tapes  were  entirely  satisfactory  for  base-line  work,  a  conclusion 
which  was  fully  confirmed  by  their  use  in  the  field  later.  The 
graduation  marks  were  ruled  on  silver  sleeves  riveted  to  the 
tape  near  its  ends.  A  reel  16  inches  in  diameter  was  found 
suitable  for  the  tapes,  but  a  smaller  reel  might  cause  permanent 
change  in  their  lengths. 

422.  Comparative  Errors  of  Invar  Tape  Measures.^ 
Any  error  due  to  the  failure  of  the  thermometers  to  indicate  the 
temperature  of  the  tape  is  probably  less  with  invar  tapes  than 

*  These  tapes  can  be  obtained  at  reasonable  prices  of  J.  H.  Agar  Baugh,  92 
Hatton  Garden,  London,  E.G.  Certificates  of  true  length  of  tape  as  tested  by  the 
National  Physical  Laboratory  of  Great  Britain  also  furnished. 

'  Experiments  by  A.  W.  French,  Appendix  4,  Report  U.  S.  Coast  and  Geodetic 
Survey,  1907,  p.  107,  show:  First,  the  yield-point  is  about  70  jjer  cent  of  the 
tensile  strength  ;  second,  the  tensile  strength  is  between  450  and  500  pounds  actual 
or  100,000  pounds  per  square  inch;  third,  loads  up  to  60  pounds  (at  least)  do 
not  cause  permanent  set. 

•  Conclusion  based  on  experience  of  the  U.  S.  Coast  and  Geodetic  Survey 
Report,  1907. 
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for  steel,  as  an  error  of  2°.8  C.  is  necessary  to  produce  as  large 
an  error  with  invar  tapes  as  an  error  of  o°.i  C.  will  produce  with 
steel  tapes.  This  effect  is  probably  not  more  than  three  or  four 
times  in  daylight  as  at  night,  hence  the  temperature  errors  of 
invar  tapes  used  in  daytime  are  from  one-eighth  to  one-tenth  those 
of  steel  tapes  used  at  night. 

Increased  accuracy  can  also  be  obtained  from  invar  tapes, 
because  the  errors  of  observation  in  daylight  are  less  than  at 
night.  Greater  speed  is  due  to  the  fact  that  all  members  of  the 
party  can  see  to  work  and  travel  without  bothering  with  the  use 
of  lights.  The  invar  tapes  are  handled  and  used  in  the  same 
way  as  steel  tapes. 

The  errors  in  detemiining  grade  and  sea  level  reductions  are 
small  and  in  large  part  compensating  in  all  tape  measurements. 
The  errors  of  tension  are  not  as  easily  analyzed,  but  probably  do 
not  compensate  as  much  as  could  be  desired.  Experience  shows 
that  the  small  errors  made  in  transferring  tape  lengths  are  com- 
pensating. 

423.  Comparison  of  Costs.  The  measurement  in  1900  of^ 
nine  bases  by  the  U.  S.  Coast  and  Geodetic  Survey,  using  both 
duplex  bars  and  steel  tapes  (at  night)  show  that  the  latter  were 
just  as  accurate  and  very  much  more  economical.  The  measure- 
ment of  six  bases  in  1906,  using  steel  tapes  at  night  and  invar 
tapes  in  the  daytime,  prove  that  the  latter  work  was  both  very 
much  more  accurate  and  more  economical.  The  unit  costs  have 
been  about  as  follows:  Invar  tape  measurement,  $150  per  double 
mile;  steel  tape  measurement,  $160  per  double  mile;  duplex  bars, 
$480  per  double  mile. 

424.  The  True  Length  of  the  Tape.  By  the  true  or  absolute 
length  is  meant  the  length  of  the  tape  or  bar  in  terms  of  the  inter- 
national metre  bar,  this  being  a  copy  of  the  **  Mfetre  des  Archives," 
or  French  standard.  The  most  convenient  way  of  securing  such 
information  is  to  send  the  tape  to  the  National  Bureau  of  Standards, 
Washington,  D.  C,  where  a  comparison  will  be  made,  for  a  small 
fee,  with  an  accuracy  of  1  in  100,000.    This  accuracy  can  be 
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increased  to  i  in  1,000,000  or  more,  at  times  convenient  to  this 
bureau.^ 

If  an  absolute  standard  is  not  available,  then  the  length  may 
be  found  by  measuring  a  known  distance,  as  a  previously  measured 
base  line,  and  computing  the  temperature  at  which  the  tape  is 
standard.  Or  the  tape  may  be  compared  with  a  shorter  standard, 
as  a  yard  or  metre  bar,  by  means  of  a  comparator  furnished  with 
micrometer  microscopes. 

425.  The  CoefBlcient  of  Expansion  of  Steel  Tapes  may 
be  taken  anywhere  from  0.0000055  to  0.0000070  for  1°  F.^  If 
the  tape  is  used  at  nearly  its  standard  temperature,  then  the 


*  The  Bureau  of  Standards  reports  the  length  of  the  50-metre  invar  tape  belong- 
ing to  the  University  of  Wisconsin,  when  supported  at  the  ends  and  middle  and 
under  a  tension  of  15  kilograms  and  at  a  temperature  of  20°  C,  as  50  m.  —0.254mm. 
-♦-(/  — 20**  C.)  0.026  mm.     The  probable  error  of  this  length  is  i  in  2,500,000. 

*  The  author  made  a  series  of  observations  on  a  steel  tape  300  feet  long,  the 
readings  being  taken  at  short  intervals  for  four  days  and  three  nights.  The 
tape  was  enclosed  in  a  wooden  box,  und  supported  by  hooks  every  16  feet.  The 
observations  were  taken  on  fine  graduations  made  by  a  diamond  point,  there  being 
a  single  graduation  at  one  end,  but  some  fifty  graduations  a  millimetre  apart  at 
the  other  end.  The  readings  were  made  by  means  of  micrometer  microscopes 
mounted  on  solid  posts  at  the  two  ends.  The  range  of  temperature  was  about 
50®  F.,  and  the  resulting  coefficient  of  exjjansion  for  1°  F.  was  0.00000699^3  >" 
the  last  place.  Professor  T.  C.  Mendenhall  found  from  six  or  eight  experiments 
on  steel  bands  used  for  tapes  a  mean  coefficient  of  0.0000059,  Steel  standards  of 
length  have  coefficients  ranging  from  0.0000048  to  0.0000066. 

Mr.  Edward  Jaderin,  Stockholm,  has  obtained  a  mean  value  of  0.0000055, 
from  a  number  of  very  careful  determinations,  both  from  remeasuring  a  primarj' 
base  Ijne,  and  from  readings  in  a  water  bath.  Several  steel  wires  were  tested, 
and  their  coefficients  all  came  very  near  the  mean  as  given  above. 

For  brass  wires  he  found  a  mean  coefficient  of  0.0000096  F.  The  15 -foot 
standard  brass  bar  of  the  U.  S.  Lake  Sur\'ey  has  a  coefficient  of  o.ooooioo,  while 
tabular  values  are  found  as  high  as  0.0000107  F. 

There  is  some  evidence  that  cold-draum  uires  have  a  less  coefficient  of  expan- 
sion than  rolled  bars  and  tapes. 

In  the  past  coefficients  of  expansion  have  seldom  been  found  with  great 
accuracy,  the  coefficients  of  the  "  M^lre  des  Archives,"  the  French  standard,  having 
had  an  erroneous  value  assigned  to  it  for  ninety  years. 
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coefficient  of  expansion  plays  so  small  a  part  that  its  exact  value 
is  unimportant.  If  it  is  used  at  a  temperature  of  70®  F.  from  its 
standard  temperature,  and  if  the  ewor  in  the  coefficient  used  be 
20  per  cent,  the  resulting  error  in  the  work  would  be  i  in  10,000. 
This  is  probably  the  extreme  error  that  would  ever  be  made 
from  not  knowing  the  coefficient  of  expansion,  some  tabular  value 
being  used.  If  nothing  is  known  of  the  coefficient  of  expansion, 
probably  0.0000065  would  be  the  best  value  to  use.  It  is  evident, 
however,  that  for  the  most  accurate  work  the  coefficient  of  expan- 
sion of  the  tape  used  must  be  carefully  determined.  The  coeffi- 
cient of  expansion  of  the  invar  tapes  used  by  the  U.  S.  Coast  and 
Geodetic  Survey  in  measuring  six  bases  in  1906  was  0.00000041 
per  degree  centigrade  (0.00000023  F.).  This  expansion  equals 
0.02  mm.  per  degree  C.  per  tape  length  of  50  metres. 

426.  The  Modulus  of  Elasticity.  This  is  readily  found  by 
applying  to  the  tape  varying  weights,  or  pulls,  and  observing  the 
stretch.  The  correction  for  sag  will  have  to  be  applied  for  each 
weight  used,  in  case  the  tape  is  susi>ended  from  hooks,  which 
should  be  done  to  eliminate  all  friction. 
Let  P\  be  the  maximum  load  in  pounds; 
Po      **     minimum  load  in  pounds; 

a       **     increased  length  of  tape  in  inches  due  to  the 
increased  pull; 

L      **     length  in  inches  for  pull  Po»  or  the  graduated 
length  of  tape; 

5*     **     cross-section  in  square  inches; 

E      *'     modulus  of  elasticity; 

d      *'     distance  between  supports  in  inches; 

w      *  *     weight  of  one  inch  of  tape  in  pounds; 

s      *  *     shortening  effect  of  the  sag  for  the  length  L; 

V      '  *     sag  in  inches  midway  between  supports. 
Then  we  have  from  the  definition  of  modulus  of  elasticity, 
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But  for  the  pull  Pi,  the  shortening  from  sag  is  much  less 
than  for  the  pull  Pq.  We  must  therefore  find  the  effect  of  the 
sag  in  terms  of  the  pull. 

427.  Effect  of  the  Sag.  Where  the  sag  is  small,  as  it  always 
is  in  this  work,  the  curve,  although  a  catenary,  may  be  con- 
sidered a  parabola  without  an  appreciable  error. 

If  we  pass  a  section  through  the  tape  midway  between  sup- 
ports, and  equate  the  moments  of  the  external  forces  on  one 
side  of  this  section,  we  obtain,  taking  centre  of  moments  at  the 
support 

_      wd  d    wd^ 

24       8 
or 

wd- 

"'w     ■  ■ <■) 

If  the  length  of  a  parabolic  curve  be  given  by  an  infinite 
series,  and  if  all  terms  after  the  second  be  omitted,  which  they 

V 

may  when  -  is  small,  then  we  may  write 


d 

3 


/      8  2;2\ 
Length  of  curve  =  rf|  I +-— I (2) 

\      3aV 


If  we  now  substitute  for  v  its  value  given  in  Eq.  (i],  we  have 

f        T  /wd\^ 
Length  of  curve  =  (/ j  iH — ["E')      * 

If  we  call  the  excess  in  length  of  curve  over  the  linear  distance 
between  supports  the  effect  of  the  sagy  we  have 

d  /wd\^ 
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for  one  interval  between  supports.  If  there  are  n  such  uitervals 
in  one  tape  length,  then  nd=Ly  and  the  effect  of  the  sag  in  the 
entire  tape  length  is 

"•-It) <*> 

If  S\  and  5o  be  the  effects  of  the  sag  for  the  pulls  P\  and  Po 
{Si<So  for  Pi>Po)»  then  the  total  movement  at  the  free  end 
due  to  the  pull  being  increased  from  Po  to  Pi  would  be  a  +  (5o  -l-5i). 
If  this  total  movement  be  called  J/,  then  we  would  have 

(Pt-Po)L  Pi-Po 

^\L       24    V  Pi^Po^  // 


EXAMPLE 

Let  /',=6o  pounds; 
/'o=io  pounds; 

«'= 0.00055  pound  per  inch  of  tape; 
</=3oo  inches  =25  feet; 
^V=o.oo2  square  inch; 
Af  =  3.2  inches; 
L=36oo  inches  =»  300  feet. 
To  find  E, 
From  Eq.  (5)  we  have 

r, 50 


^ ^ -7 -  =■  28,500,000. 

1 3600       34    \36oooo/ 

From  the  same  data,  we  find  from  Eq.  (4)  the  cflfect  of  the  sag  to  be  0.040  inch 
for  the  lo-pound  pull,  and  o.ooi  inch  for  the  60-pound  pull. 

Evidently,  if  the  taj^e  is  stretched  by  the  same  weight  when  its  absolute  length 
is  found,  and  when  used  in  measuring,  the  stretch,  or  elongation  from  pull,  would 
not  enter  in  the  computation,  and  so  the  modulus  of  elasticity  would  be  no  function 
of  the  problem. 

Again,  the  stretch  per  pound  of  pull   may  be  observed  for  the  given  tape,  and 
then  neither  E  nor  5,  the  cross-section,  would  enter  in  the  computation. 


I 
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428.  Temperature  Correction.  If  mercurial  thermometers 
are  used,  their  field  readings  must  first  be  corrected  for  the  errors 
of  their  scale  reading,  each  thermometer  having,  of  course,  a 
separate  set  of  corrections.  Then  the  mean  of  the  corrected 
readings  may  be  taken  for  all  the  whole  tape  lengths  in  the  line 
measured,  and  the  correction  for  the  entire  line  obtained  at  once. 
Thus 

Let  L  -=  length  of  line; 

To  =  temperature  at  which  the  length  of  the  tape  is  given  for 
the  standard  pull  Po>  this  usually  being  the  temperature 
at  which  its  true  length  is  its  graduated  length  for  that 
standard  pull; 
rm  =  the  mean  corrected  temperature  of  the  entire  line; 
«  =  coefficient  of  expansion  for  1°; 
Ct  -^  correction  for  temperature. 

Then 

G=+^(r,n-ro)L (i) 

The  temperature  correction  for  a  part  of  a  tape  length  is  com- 
puted separately. 

If  the  value  of  a  for  the  tape  used  is  not  known,  it  may  be 
taken  at  0.0000065. 

If  a  metallic  thermometer  is  used,  as  a  brass  and  a  steel  wire, 
or  a  brass  and  a  steel  bar  as  in  the  U.  S.  Coast  and  Geodetic 
Survey  apparatus,  shown  on  p.  560,  then  we  have  the  following: 

429.  Temperattire  Correction  when  a  Metallic  Thermom- 
eter is  Used. 

Let  I  =  length  of  wire  or  tape  used,  as  300  feet; 

t  =  absolute  length  of  the  steel  wire  at  the  standard  tem- 
perature of,  say,  32°  F.; 

4= same  for  brass  wire; 

L  =  total  length  of  line  for  whole  tape  lengths  {■=nl  approx- 
imately) ; 

»= number  of  lengths  of  the  standard  measured; 
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r^^mean  value  of  all  the  scale  readings  on  steel  wire  for  the 

entire  line  (  =  — ^  j ; 

r6=same  for  scale  readings  on  brass  wire; 
a, = coefficient  of  expansion  for  the  steel  wire; 
ae,  =  coefficient  of  expansion  for  the  brass  wire; 
to  ==  mean  temperature  for  the  entire  line. 


Then  we  have 


i^  =  n(/.+r.)(i  +  (fe-32°)a,)  1 
=  n(/5+r6)(i  +  (/o-32>6)  J ^^ 


Since  the  temperature  correction  is  relatively  a  very  small 
quantity,  we  may  put  /«+ra=/6+r6  =  /,  the  length  of  the  tape  to 
which  the  temperature  correction  is  applied. 

« 

We  then  have  from  (2), 

(fc"32)  = 77 ^ .     .     «...     (3) 

Substituting  this  value  of  the  temperature  in  (2),  we  obtain 


i==n[^.+r.+  -^'-((/.+r.)-(/6+/'6))].    ...     (4) 


If  we  put  /«+r»  =  5,  and  lb-\-fb  =  Sbi  we  have 


L  «6-««J 

L  «6-«JJ 


•  •  •  •   (5) 


From  either  of  the  Eqs.  (5)  we  may  compute  the  length  of  the 
line  as  corrected  for  temperature.     If,  however,  it  is  desired  tP 
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find  the  temperature  correction  separately,  in  order  to  combine 
it  with  the  other  corrections,  we  have 


«* 


Cst=n{Ss-Sb) , (6) 

for  the  temperature  correction  to  be  applied  to  the  measured 
length  by  the  steel  wire,  or 

Cbt  =  n{Ss-Sb) — —. (7) 

as  the  temperature  correction  to  be  applied  to  the  measured 
length  by  the  brass  wire. 

These  formulas  all  apply  only  to  the  entire  tape  lengths.  Any 
fractional  length  would  have  to  be  computed  separately,  or  else 
a  diminished  weight  given  to  their  scale  readings  in  obtaining 
the  mean  values,  r,  and  r^. 

430.  Correction  for  Alignment,  both  horizontal  and  verti- 
cal. The  relative  elevations  of  the  points  of  support  are  found 
by  a  levelling  instrument,  and  the  horizontal  alignment  done  by 
a  transit  or  by  eye.  An  alignment  by  eye  will  be  found  suffi- 
ciently exact  if  points  be  established  on  line  by  transit  every  500 
or  1000  feet.  The  suspending  nails  and  hooks  afford  considerable 
latitude  for  lateral  adjustment  when  the  tape  is  stretched  taut; 
hence  the  horizontal  deviation  will  be  practically  zero  unless  the 
stakes  are  very  badly  set,  and  the  relative  elevations  of  any  two 
successive  supports  should  be  determined  to  less  than  0.05  foot. 
If  no  care  is  taken  to  have  more  than  two  suspension  points  on 
grade,  then  each  section  of  the  tape  will  have  a  separate  correc- 
tion. Usually  a  single  grade  may  as  well  extend  over  several 
sections,  in  which  case  the  portion  on  a  uniform  grade  may  be 
reduced  as  a  single  section. 

Let  /i,  hy  hy  etc.,  be  the  successive  lengths  of  uniform  grades, 
and  Ai,  A2,  hzy  etc.,  the  differences  of  elevation  between  the 
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extremities  of  these  uniform  grades;    then  for  a  single  grade  we 
would  have  the  correction 


or 

But  since  C  is  a  very  small  quantity  as  compared  with  /,  we 

A2 

may  drop  the  C2,  whence  we  have  C^—  for  a  single  grade. 

2/ 

The  exact  value  of  C,  in  ascending  powers  of  A,  is 

^     A2      A4        //6 
2/      Sl^      16/^ 

For  the  entire  line,  if  all  but  the  first  term  be  neglected,  the 
correction  is 

I/A,2       A.,2       h:^2  h2x 

If  the  /*s  are  all  equal,  as  when  no  two  successive  suspension 
points  fall  in  the  same  grade,  then  we  have 

I  ^^2 

C,=  --(Ai2  4/t22-fAa2  +  ...An2)=-^-.      .     .     (3) 

Since  the  relative  elevations  are  determined,  and  not  the 
angles  of  the  grades,  these  formulas  are  more  readily  applied 
than  one  involving  the  grade  angles. 

The  error  made  in  rejecting  the  second  power  of  C  in  the 
above  equations  is  given  in  the  table  on  the  following  page, 
where  /  and  h  are  taken  in  the  same  unit  of  length.* 

*  From  Jaderin's  Geoditische  Lingenmessung. 
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If  the  grades  are  given  in  vertical  angles,  as  they  always  are 
with  the  ordinary  base  apparatus,  then  we  have  for  the  correction 
to  each  section  whose  length  is  /,  and  whose  grade  is  0  above  or 
below  the  horizon, 

Cy=  — /(i  — cos  0)^  —  2/sin2  -. 

If  d  be  expressed  in  minutes  of  arc,  and  if  the  grade  angle 
is  less  than  about  six  degrees,  or  if  the  slope  is  less  than  one  in 
ten,  we  may  write 

C«  =  -  2/  sin2  -  =  -  Uo^^  sin^  i'  =  -  ^^^^-^m 

2  2  2 

=  —0.00000004231  dH\ 

or  by  logarithms, 

log  Cy  =  const  log  2.626422  4-  2  log  ^  f  log  /. 

431.  Correction  for  Sag.    From  Eq.  (4),  p.  578,  we  have 

where  C,  is  the  shortening  due  to  sag  in  an  inelastic  tape. 

If  the  standard  length  be  given  with  the  pull  Po,  and  the 
distance  between  supports  do,  while  in  the  field  the  pull  P  and 
distance  d  between  supports  be  used,  then  the  correction  for 
sag  is 

_     Lw^ld^^     d^\     L  /  w  V 

where  L,  rf,  and  C,  are  taken  in  the  same  unit  of  length,  and  w 
is  the  weight  of  a  unit's  length  of  tape  in  the  same  units  used 
for  P. 
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Table  III. 


h^ 


THE  ABSOLUTE  ERRORS 

IN  THE  FORMULA    Q 

'^2l' 

Absolute  Error  in 

the  Same  Units  Used  for  f  and  h. 

Length  of 
Uniform 

Grade. 

0.00005 

0.00015 

0.00025 

0.00035 

0.00045 

;. 

ft ->  Rise 

or  Pall  in  Length  /, 

I 

0.14 

0.19 

•31 
.42 

2 

.24 

3 
4 

.32 
.40 

.53 
.62 

5 

.47 

6 

-54 

-71 

0.81 

7 
8 

.61 

.80 

.91 
1. 00 

1. 10 

.67 

.7^ 

.88 
.97 

Q 

1-19 
1.29 

lO 

.79 

1.05 

* 

1. 19 

II 

.85 

1. 12 

1.28 

1.39 
1.48 

12 

.91 

1.20 

1.36 

13 

.97 

1.27 

1-45 

1.57 

1.67 

14 

1.02 

1-35 

1.53 

1.06 

1.77 

IS 

1.08 

1.42 

1.61 

1.75 

1.86 

i6 

1. 13 

1.49 

1.69 

1.84 

1.96 

I? 

1. 18 

1.56 

1.77 

1.92 

2.05 

i8 

1.24 

1.62 

1.85 

2.01 

2.14 

19     , 

1.29 

1.69 

1.92 

2.09 

2.23 

20 

1.34 

1.76 

2.00 

2.17 

2.31 

21 

1.39 

1.82 

2.07 

2.25 

2.40 

22 

1.44 

1.89 

2.15 

2.33 

2.48 

23 

1.48 

1.95 

2.22 

2.41 

2.57 

24 

'•53 

2.02 

2.29 

2.49 

2.65 

25 

1.58 

2.08 

2.^6 

2.57 

2.73 

26 

1.63 

2.14 

2.43 

2.65 

2.82 

27 

1.67 

2.20 

2.50 

2.72 

2.90 

28 

ik72 

2.26 

2.57 

2.80 

2.98 

29 

1-77 

2.32 

2.64 

2.87 

3.06 

30 

1. 81 

2.38 

2.71 

2.95 

3-14 
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432.  Correction  for  Pull.    From  Eq.  (i),  p.  576,  we  may 
write  at  once 

(P-Po)L 


Cj,^-^ 


SE 


Here  P  is  taken  in  pounds,  L  and  Cp  in  inches,  and  S  in 
square  inches,  since  E  is  usually  given  in  inch-pound  units.  If 
E  has  not  been  determined  by  experiment,  it  may  be  taken  at 
28,000,000.  The  cross-section  S  is  best  found  by  weighing  the 
tape  and  computing  its  volume,  counting  3.6  cubic  inches  to  the 
pound.  Knowing  the  length,  the  cross-section  can  then  be  found. 
If  the  stretch  has  been  observed  for  different  weights,  and  the 
value  of  E  computed,  the  value  of  5  is  of  course  of  no  consequence, 
provided  the  same  value  be  used  for  both  observations. 

433.  To  Reduce  a  Broken  Base  to  a  Straight  Line.  It  is 
sometimes  necessary  or  convenient  to  introduce  one  or  more 
angles  into  a  base  line.  These  would  never  deviate  much  from 
180°.  Let  the  difference  between  the  angle  and  180°  be  6,  and 
let  the  two  measured  sides  be  a  and  ft,  to  find  the  side  c.  If  0 
be  expressed  in  minutes  of  arc  and  if  it  is  not  more  than  about 
3°,  the  following  approximate  formula  will  prove  sufficiently 
exact: 

^. ,  ,     sin2  i'  abO^ 

Side  c  =  a-\-b 

2       a  +  o 

abff^ 


=  a -h  6 — 0.0000000423 1 


a-\-b 


If  0  is  greater  than  from  3°  to  5°,  the  triangle  would  have  to 
be  computed  by  the  ordinary  sine  formula. 

434.  To  Reduce  the  Length  of  the  Base  to  Sea  Level. 

In  geodetic  work,  all  distances  are  reduced  to  what  they  would  be 
if  the  same  lines  were  projected  upon  a  sea-level  surface  by  radii 
passing  through  the  extremities  of  the  lines.  It  is  not  necessary, 
however,  to  reduce  all  the  lines  of  a  triangulation  system  in  this 
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manner,  since  if  the  length  of  the  base  line  is  so  reduced  the 
.  computed  lengths  of  all  the  other  lines  of  the  system  will  be  their 
lengths  at  sea  level.  The  angles  that  are  measured  are  the 
horizontal  angles,  and  are  not  affected  by  the  differences  of  eleva- 
tion of  the  various  stations.  It  is  necessary,  therefore,  to  know 
the  approximate  elevation  of  the  base  above  sea  level. 

Let  r  =  mean  radius  of  earth; 
a  =  elevation  above  sea  level; 
5  =  length  of  measured  base; 
6  =  length  of  base  at  sea  level. 
Then  r-\-a:r:  :B:b, 

or  b=^B-^, 

r-\-a 

The  correction  to  the  measured  length  is  always  negative,  and 


IS 


C^b-B^-B(i -— ^  =  "iBf— — V 

\      r-\-a/  \r-\-a/ 

Since  a  is  very  small  as  compared  to  r,  we  may  write 


a 
C=-B-. 

r 


The  mean  radius  ^  in  feet  is 


209260624-20855121 

Meanr=  =  20,890,592  feet, 

2 

logr  (in  feet)  =  7.3199507. 

435.  Stimmary  of  Corrections.    For  the  significance  of  the 
notation  used  in  the  following  equations,  see  the  preceding  articles 

'  Rigidly,  we  should  use  the  length  of  the  ttormal  for  the  given  latitude,  but 
the  mean  radius  as  above  found  is  sufficient  for  most  cases. 
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where  they  are  derived.  The  corrections  are  all  for  the  entire 
line  measured,  or  rather  for  that  portion  of  it  composed  of  entire 
tape  lengths,  and  are  to  be  applied  with  the  signs  given  to  the 
measured  length. 

I.  Correction  for  Temperature. 

For  a  single  standard  with  mercurial  temperatures, 

Ct^^a{Tm-To)L (i) 

For  metallic  thermometer  readings,  as  found  from  steel  and 
brass  standards,  for  instance,  the  correction  to  be  applied  to  the 
length  as  found  by  the  steel  wire,  or  standard,  is 


Ca,  =  W(5,-5fc) '— (2) 

2.  Correction  for  Grade.     This  is  always  negative. 
In  terms  of  the  difference  of  elevation  of  grade,  points  at  a 
common  distance,  /,  apart. 


In  terms  of  the  grade  angles,  expressed  in  minutes  of  arc 

C^= —0.00000004231  iJ  ^2/ (^^ 

3.  Correction  for  Sag. 

For  the  standard  length  given  for  a  pull  Po,  and  a  distance 
between  supports  rfo»  while  P  and  d  are  used  in  the  field  work,    . 
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For  the  standard  length  given  for  no  pull  and  no  sag,  the 
shortening  due  to  sag  alone  in  an  inelastic  tape  is 

4.  Correction  for  Pull, 

^^^^~sEr  '    ^^^ 

or  .  Cp={P-Po)€n, (8) 

5.  Correction  for  Broken  Base, 

If  a  and  b  are  the  two  measured  sides  which  make  an  angle 
of  180°—^,  the  correction  to  be  added  to  a +6  to  get  the  distance 
between  their  extremities,  0  being  less  than  5°,  and  expressed  in 
minutes  of  arc,  is 

abO^ 
C6= —0.00000004231     — ,. 

a  -ho 

6.  Correction  to  Sea  Level, 


a 
r 

where  L  is  the  length  of  the  measured  base  at  an  altitude  a  above 
sea  level. 

log  r  (in  feet)  =  7.3199507. 

436.  To  Compute  any  Portion  of  a  Straight  Base  which 
Cannot  be  directly  Measured.  It  sometimes  is  convenient  to 
take  a  base  line  across  a  stream  or  other  obstruction  to  direct 
measurement.  In  such  a  case  a  station  may  be  chosen  as  O 
in  Fig.  227,  and  the  horizontal  angles  AOB^P,  BOC^Q,  and 
COD^R  measured.     If  the  parts  AB  and  CD  lie  in  the  same 
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straight  line,  and  AB=a  and  CD  =  b  are  known,  then  BC 
may  be  found  by  measuring  only  the  angles  at  O. 

Thus  in  the  triangles  ABO  and  A  CO  (Fig.  227)  we  have 


=  x 


CO    x-\-a      sin  P 
BO^^a" sin  {P  +  QY 

also  from  the  triangles  BDO  and  CDO  we  have 

CO       b    sin  (Q  +  R) 
BO'xTb      sinR     * 


Fig.  227. 


Let  K=P-\-Q  and  L  =  Q-{-Ry  then  by  equating  the  above 
values  of  ^ir^r  we  have 


BO 


{x-^a)(x^b)=^ 


ab  (sin  K  sin  L) 
sin  P  sin  R 


whence 


a  +  6 


/aft (sin  ii:  sin  L)      /a-b\^ 
2        \smPsinA         \    2    / 


Evidently  only  the  positive  result  is  to  be  taken. 

The  points  A,  O,  and  D  should  be  chosen  so  as  to  give  good 
intersections  at  A  and  D. 
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437.  Accuracy  Attainable  by  Steel-Tape  and  Metallic- 
Wire  Measurements.  The  following  results  have  been  attained 
by  using  the  methods  herein  described: 

1.  In  Sweden,  Mr.  Edw.  Jaderin  measured  a  primary  base 
line  two  kilometres  in  length  three  times,  by  means  of  steel  and 
brass  wires  25  metres  long,  in  ordinary  sunmier  weather,  mostly 
clear,  with  a  probable  error  of  a  single  determination  of  i  in 
600,000,  and  a  probable  error  of  the  mean  result  of  i  in  1,000,000, 
as  compared  with  the  true  length  of  the  line  as  obtained  by  a 
regular  primary  base  apparatus. 

2.  Professor  R.  S.  Woodward,  when  assistant  on  the  U.  S. 
Coast  and  Geodetic  Survey,  in  1892,  made  five  measurements  of  a 
base  line  3807  metres  long,  in  four  sections,  using  two  steel  tapes, 
making  two  measurements  with  each  at  night,  and  one  measure- 
ment in  the  daytime   in  clear    sunlight.     These  results  gave  a 

probable  error  in  the  mean  of  all  of  the  results  of part, 

2,000,000 

not  including  the  error  in  the  length  of  the  tape  itself,  and  a  prob- 

I 

able  error  of  — part  when  all  sources  of  error  are  taken  into 

1,280,000 

account.^ 

3.  The  remarkable  measurement  of  nine  base  lines  in  a  single 
season,  1900,  by  a  single  field  party  of  the  U.  S.  Coast  and 
Geodetic  Survey,  marks  a  new  era  in  base-line  work.^  With  the 
object  of  eliminating  the  constant  errors  of  the  apparatus,  five 
different  sets  of  apparatus  were  Used  in  the  measurement  of  each 
base.     While  no  expense  was  made  to  increase  the  accuracy 

beyond ,  an  average  accuracy  of  1,200,000  was  secured, 

500,000 

as  will  be  seen  from  the  following  table: 

*  See  a  paper  on  '*  The  Use  of  Long  Steel  Tapes  for  Measuring  Base  Lines," 
Trans.  Am.  Soc.  C.  E.,  Vol.  XXX  (1893),  p.  81. 

*  See  Appendix  3,  Report  U.  S.  Coast  and  Geodetic  Survey  for  1901,  by  Mr. 
A.  L.  Baldwin,  for  a  full  discussion  of  the  specifications  prepared  by  Mr.  John  F. 
Hayford. 
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Table  IV 

ACCURACY  OF  STEEL  TAPE  BASE  MEASUREMENTS 


Name  of  Base. 


Shelton 

Page 

Anthony 

El  Reno 

Bowie 

Stephen\alle 
Lampasas. . 

Alice 

Seguin 


Probable 

Error. 

mm. 

• 

± 

9- 

o 

± 

5- 

6 

± 

4. 

8 

± 

9- 

7 

± 

5- 

.o 

± 

6. 

,o 

± 

4. 

I 

± 

lO, 

.1 

± 
1 

5- 

.1 

Length. 


m. 
7,884-72 
8,250.99 
6,034.70 
12,886.68 
8,196.04 
6,255.08 

5»9^i.i3 
6,971.69 

6,794.61 


Probable 

Error  as 

Proportional 

Part. 


1/876000 
1/1473000 
I / 1 25  7000 
1/J329000 
1/1639000 
I / 1042000 
I / 1454000 
1/  690000 
1/1333000 


Speed  in 

Miles 
per  Hour. 


1.04 
.91 
1.06 
1.20 
1.20 

1.04 

1-30 
1.08 


These  bases  have  a  total  length  of  43.2  miles,  an  average 
length  of  4.8  miles  and  control  over  1000  miles  of  the  triangulation 
along  the  98°  meridian. 

4.  The  results  of  another  remarkable  season  of  base-line 
measurement,  using  steel  and  "  invar  '*  tapes,  during  1906,^ 
are  summarized  in  the  following  table: 


Table  V 

ACCUR.^CY   OF   LNVAR   TAPE   BASE  MEASUREMENTS 


Base. 


Probable 
Error. 


Point  Isabel.. 
Willamette... 

Tacoma 

Stephen 

Brown  Valley 
Royalton 


mm. 

±3.0 

±4.1 
±4-0 
±4.2 
±2.8 


Length. 


m. 

7384.92 

14019.38 

12055.57 

9221.83 

8223.57 

9637-55 


Average,  10,090 


Probable 

Error  as 

Proportional 

Part. 


1/2450000 
1/3430000 
1/3020000 
1/2170000 
I / 2910000 
1/2980000 
1/2760000 


Speed  with 
Steel  Tapes 

in  Miles 
per  Hour. 


I. OS 
1-34 
1.40 

1-34 
1.34 
1.49 
1.32 


*  See  Appendix  4,   U.   S.  Coast  and   Geodetic   Survey,    1907,  by  Mr.    O.   B. 
French,  for  an  interesting  description  of  this  work. 
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The  measurements  with  mvar  tape  averaged  7  per  cent 
faster  than  with  steel  tapes  and  70  per  cent  more  accurate.  The 
average  discrepancy  between  measurements  of  the  same  distance 
by  steel  and  "  invar  "  tapes  was  one  part  in  526,cxx). 

Measurshent  of  the  Angles 

438.  Insteuments  for  Measuring  Angles.  The  instru- 
ments used  in  triangulation  are  designed  especially  for  the  accu- 
rate measurement  of  horizontal  angles.  This  demands  very 
accurate  centring  and  fitting  at  the  axis,  and  strict  uniformity 
of  graduation.  It  was  formerly  supposed  that  the  larger  the 
circle  the  more  accurate  the  work  which  could  be  done.  It  is 
now  known  that  there  is  no  advantage  in  having  the  horizontal 
limb  more  than  10  or  12  inches  in  diameter. 

There  are  two  general  methods  of  reading  fractional  parts  of 
the  angle,  smaller  than  the  smallest  graduated  space  on  the 
limb.  One  is  by  verniers,  the  other  by  micrometer  microscopes. 
Verniers  may  be  successfully  used  to  read  angles  to  the  nearest 
10  or  20  seconds  of  arc,  but  if  a  nearer  approximation  is  desired 
microscopes  should  be  employed. 

The  names  given  to  these  two  widely  diflFerent  instruments, 
are  respectively  the  repeating  and  direction  theodolites.  It  will 
be  noted  that  both  forms  insure  great  stability  by  means  of  three 
widely  spaced  foot  screws  and  long  vertical  axes.  This  stability 
is  increased  by  the  U-shaped  standards. 

439.  The  Repeating  Instrtiment.  Excellent  forms  of  the 
8-inch  repeating  instrument  are  shown  in  Figs.  228  and  231. 
The  construction  of  this  instrument  is  the  same  as  that  of  the 
engineer's  transit,  viz.,  the  alidade  is  attached  to  an  upper  plate 
carrying  the  verniers  and  the  inner  solid  axis,  while  the  graduated 
(lower)  limb  is  fitted  with  a  hollow  axis  as  nearly  concentric  with 
the  solid  axis  as  it  is  possible  to  make  it. 

The  construction  allows  of  the  movement  of  the  solid  axis 
carrying  the  alidade  in  the  hollow  axis,  and  also  the  movement 
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Fic.  ij8.— 8-inch  Repealer  Transit, 
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of  the  hollow  axis  carrymg  the  graduated  circle  in  its  own  socket* 
Each  motion  is  provided  with  a  clamp  and  slow-motion  screw. 

The  two  (or  more)  verniers  usually  read  to  lo  seconds  directly 
with  an  eye-piece  of  correspondingly  high  power.  Theoretically, 
the  above  arrangement  should  lessen  the  effect  of  errors  of  gradu- 
ation, of  pointing,  and  of  reading.  In  practice,  however,  it  is  found 
that  certain  mechanical  defects,  such  as  slipping  of  the  clamps, 
eccentric  centres  of  the  two  axes,  etc.,  counterbalance  in  large 
part  of  the  advantages.  This  slipping  of  the  clamps  makes  a 
particular  instrument  read  always  too  much  or  always  too  little, 
a  defect  that  can  be  overcome  in  part  by  the  use  of  a  proper 
programme,  see  Art.  446.  This  type  of  instrument  is  seldom 
used  in  primary  triangulation. 

440.  Direction  Instrument.  A  modem  form  of  this  non- 
repeating instrument  designed  by  the  U.  S.  Coast  and  Geodetic 
Survey  is  shown  in  Fig.  229.  A  study  of  the  progranmie  of 
observation  (Art.  447)  will  show  the  significance  of  its  name. 
Such  an  instrument  is  used  to  measure  the  direction  of  the  stations 
from  some  initial  station.  The  angles  between  the  lines  of  the 
triangulation  are  the  computed  differences  between  the  direc- 
tions. This  instrument  has  but  one  movement  and  one  axis. 
The  graduated  limb  is  simply  a  flat  disc.  Means  of  clamping  the 
circle  and  of  changing  the  position  of  its  zero  point  are  provided. 
Two  or  more  microscopes  are  provided  for  reading  the  circle. 
Such  an  instrument  has  the  circle  divided  into  5-or  lo-minute 
divisions,  the  fractional  reading  being  read  by  a  micrometer  to 
single  seconds.  This  instrument  is  used  by  the  U.  S.  Coast  and 
Geodetic  Survey  on  its  primary  triangulation.  Its  manner  of 
use  is  further  explained  in  Art.  445. 

Fig.  230  shows  a  smaller  and  more  portable  form  of  a  similar 
type  of  instrument. 

441.  Altazimuth  Instrument.  Altazimuth  is  the  name  given 
to  an  instrument  (Fig.  231)  designed  to  measure  accurately  ver- 
tical as  well  as  horizontal  angles.  Both  horizontal  and  vertical 
limbs  are  read  by  means  of  micrometer  microscopes.     Such  an. 
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Fig.   339. — Direction  o(  Theodolite  {U,  S.  Coasl  and  Geodetic  Survey).    Circle 
ij"  divided  into  5'  Divisions  read  by  Three  Microscopes  to  Single  Secondsa 
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neh   Direrlion  Inslrumem   Cirilc   Dividrd  inio  lo'   Divisions  and 
id  tiy  T\v(i  MicTomeler  Mictoscopfs  lo  Single  Sjronds. 
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instrument  is  designed  especially  for  astronomical  observations 
for  latitude  and  azimuth,  but  may  also  be  used  as  a  meridian 
or  transit  instrument  for  observing  time  as  well  as  for  measuring 
horizontal  and  vertical  angles  in  triangulation.  It  is  in  fact  the 
universal  geodetic  instrument,  just  as  the  complete  engineer's 
transit  is  the  universal  instrument  in  ordinary  surveying.  In 
almost  all  cases  where  micrometers  are  used  in  reading  the  angles 
the  limbs  are  graduated  to  five  or  ten  minutes  and  the  readings 
made  to  single  seconds. 

442.  Adjustments  of  the  Theodolite.  The  adjustments 
are  very  similar  to  those  of  a  common  engineer's  transit,  and 
should  be  made  in  the  following  order: 

1.  Plate  Level  Adjustment,  The  axes  of  all  fixed  levels  are 
made  perpendicular  to  the  vertical  axis  of  the  instrument  and 
therefore  parallel  to  the  plate.  For  explanation  of  method  with 
figures,  see  Art.  72. 

2.  The  Adjustment  for  Windy  or  the  lack  of  parallelism  between 
the  level  vial  and  the  line  joining  the  centres  of  the  points  of 
supports,  is  tested  by  tipping  the  level  and  noting  whether  the 
bubble  changes  its  position  or  not.  If  it  runs  toward  the  left, 
for  example,  when  tipped  toward  the  observer,  then  the  left-hand 
end  must  be  moved  toward  the  observer,  or  the  right-hand  end 
moved  away  from  the  observer  by  means  of  the  lateral  adjusting 
screws  until  the  bubble  remains  in  the  centre. 

3.  Striding  Level  Adjustment,  This  consists  in  making  the 
axis  of  the  level  parallel  to  the  points  of  support.  To  test  this 
adjustment,  note  the  reading  of  the  bubble  (most  conveniently 
when  in  the  middle)  when  resting  on  the  horizontal  axis  of  the 
telescope.  Re\'erse  the  level  on  its  supports  and  correct  one-half 
of  the  run  of  the  bubble  by  the  vertical  adjusting  screws. 

4.  Horizontal  Axis  Adjustment.  This  consists  in  making  the 
horizontal  axis  of  the  telescope  truly  horizontal.  The  striding 
level  having  been  adjusted  the  vertical  axis  is  made  truly  vertical, 
i.e.,  the  foot  screws  are  moved  until  the  bubble  remains  unchanged 
when  the  transit  is  moved  in  azimuth. 
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If  the  striding  level  is  still  in  adjustment  any  movement  of 
the  bubble  from  the  centre  must  be  due  to  the  inclination  of  the 
horizontal  axis,  and  should  be  corrected  by  bringing  the  bubble 
to  the  centre  by  raising  or  lowering  that  pivot  provided  with 
adjusting  screws. 

5.  Collimation  Adjustment.  This  adjustment  consists  in 
making  the  line  of  sight  perpendicular  to  the  horizontal  axis  of 
the  telescope.  It  is  tested  by  pointing  the  telescope  on  some 
well-defined  point,  preferably,  a  mile  away.  The  telescope  is  then 
carefully  lifted  out  of  its  wyes,  turned  180°  about  its  long  axis,  and 
replaced  in  the  wyes  again.^  If  the  same  point  is  still  bisected, 
the  collimation  is  perfect;  if  not  bisected,  correct  half  the  error 
by  means  of  the  screws  on  the  reticule.  If  the  telescope  is  invert- 
ing, the  cross  wires  must  be  moved  in  a  direction  opposite  to  that 
apparently  required. 

443.  The  Filar  Micrometer^  is  used  for  the  accurate  measure- 
ment of  small  distances  or  angles,  when  the  required  exactness 
is  greater  than  can  be  obtained  by  means  of  a  vernier  scale. 
It  is  usually  combined  with  a  microscope,  the  micrometer  threads 
and  scale  lying  in  the  plane  of  the  image  produced  by  the  objective. 
This  image  is  always  larger  than  the  object  itself  in  microscopes, 
and  therefore  a  given  movement  of  the  wires  in  the  micrometer 
corresponds  to  a  very  much  less  distance  on  the  object  sighted 
at,  according  to  the  magnifying  power  of  the  objective. 

The  frame  holding  the  movable  wires  has  a  screw  with  a 
very  fine  thread  working  in  it,  called  the  micrometer  screw. 
This  screw  has  a  graduated  cylindrical  head,  or  disc,  attached 
to  it,  there  usually  being  sixty  divisions  in  the  circumference 
when  used  in  angiJar  measurements.  The  number  of  whole 
revolutions  are  recorded  by  noting  how  many  teeth  of  a  comb 
scale  are  passed  over,  this  scale  being  nearly  in  the  plane  of  the 


*  Some  instruments  do  not  allow  the  telescope  to  be  lifted  out.     In  this  case 
the  collimation  would  be  adjusted  as  in  the  common  engineer's  transit  (Art.  74). 

*  From  ^MW,  thread;   micros,  small,  and  metros,  measure.     The  thread  is  in 
this  case  a  spider's  web,  or  scratches  on  glass. 
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wires  and  therefore  in  the  focus  of  the  eye-piece.  The  fractional 
parts  of  a  revolution  are  read  on  the  graduated  screw-head  out- 
side. These  micrometer  attachments  are  shown  on  the  two 
microscopes  in  Fig.  230  and  on  the  three  in  Fig.  229.  Fig.  232 
is  a  sectional  view  of  a  filar  micrometer.  The  graduated  head 
h  is  attached  to  the  milled  head  m,  forming  a  nut  into  which  the 
micrometer  srcew  a  works.  The  screw  is  rigidly  attached  to 
the  frame  b,  to  which  are  fastened  the  movable  wires  /'.  The 
comb  scale  s  and  fixed  wire  /  are  attached  to  the  frame  c,  which 
is  adjusted  to  a  zero  reading  of  the  graduated  head  by  the  capstan 
serew  d.     The  lost  motion  on  both  of  these  frames  b  taken  up 


by  springs.  The  complete  revolutions  of  the  screw  are  counted 
on  the  comb  scale,  and  the  fractional  part  of  a  revolution  on  the 
graduated  head.  The  reading  is  made  by  bringing  the  double 
wires  symmetrically  over  a  graduation,  the  space  between  the 
wires  being  a  little  more  than  the  width  of  the  graduation,  when 
the  exact  number  of  revolutions  and  sixtieths  are  read  on  the 
comb  scale  and  on  the  head.  If  the  Hmb  is  graduated  to  ten 
minutes  and  each  revolution  corresponds  to  one  minute,  then  if 
the  reading  is  taken  on  the  Clearest  graduation,  the  number  of 
revolutions  need  never  exceed  five.  If,  however,  the  reading  be 
always  taken  to  the  last  ten-minute  mark  counted  on  the  limb, 
then  ten  revolutions  may  have  to  be  read  on  the  screw.  The 
movement  of  the  threads  is  as  they  appear  to  be,  there  being  no 
immersion  of  image  l)Ctwcen  the  wires  and  eye.  The  movement  on 
limb  is,  however,  opposite  from  the  apparent  motion. 
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444*  Correcticm  for  Run.  If  the  limb  is  graduated  to  ten 
minutes,  and  a  single  revolution  of  the  screw  corresponds  to  the 
space  of  one  minute,  then  just  ten  revolutions  of  the  screw  should 
move  the  wires  from  one  graduation  to  the  next.  If  this  is  not 
exactly  true,  then  the  value  of  a  ten-minute  space  should  be 
measured  a  number  of  times,  by  running  the  wires  back  and 
forth,  the  mean  result  taken,  and  from  this  the  value  of  one  r€Vo- 
luiion  of  the  screw  determined.  This  value  is  called  the  "  run 
of  the  screw,"  and  a  correction  is  applied  to  the  readings,  which 
are  always  made  in  degrees,  minutes,  and  seconds,  counting  one 
revolution  a  minute  and  one  division  on  the  head  a  second  of 
arc.  These  corrections  are  no  longer  necessary,  because  of  the 
adoption  of  an  ingenious  programme  of  observation.^ 

This  programme  is  given  in  Art.  447.  It  will  be  easily  seen 
that  the  sixteen  readings  on  the  initial  station  are  nearly  uniformly 
distributed  over  the  five-minute  interval  covered  by  the  microm- 
eter. This  insures  that  the  sum  of  the  corrections  for  run  (if 
applied)  will  be  nearly  zero  on  this  signal  as  well  as  on  every 
other  signal.  The  laborious  corrections  for  run  are  therefore 
unnecessary.  If  the  run  of  any  single  micrometer  is  found  to  be 
greater  than  four  seconds  the  micrometer  should  be  adjusted. 
The  nm  is  also  adjusted  if  the  error  in  the  mean  of  the  three 
micrometers  is  greater  than  one  second. 

445.  Reading  the  Circle.  In  reading  the  circle,  the  observer 
first  notes  directly  the  last  degree  mark  passed  over,  then  the 
number  of  full  five-  or  ten-minute  divisions  on  the  circle  between 
the  micrometer  zero  and  the  last  degree  mark;  he  then  counts 
the  odd  number  of  minutes  on  the  comb  scale  between  the  last 
five-  or  ten-minute  mark  on  the  circle  and  the  zero  of  the  microm- 
eter; and,  finally,  to  secure  the  number  of  seconds,  he  runs  the 
micrometer  wires  backward  until  the  last  five-  or  ten-minute 
mark  on  the  scale  is  reached,  when  the  reading  of  the  micrometer 


*  This  was  devised  by  Mr.  J.  F.  Hayford    inspector  of  geodetic  work  of  the 
U.  S.  Coast  and  Geodetic  Sur\'ey. 


602  SURVEYING 


gives  the  number  of  seconds.    The  average  of  the  micrometers 
determines  the  pointing. 

For  reading  on  graduated  straight  lines  the  double  threads 
give  better  results  than  either  the  single  thread  or  the  inter- 
secting threads.  The  space  between  the  threads  should  b^  a 
little  greater  than  the  width  of  the  image  of  the  graduation  line, 
so  that  a  narrow  strip  of  the  limb's  illuminated  upper  surface 
may  appear  on  either  side  of  the  graduation  and  inside  the  wires. 
The  setting  is  then  made  so  as  to  make  these  illuminated  lines 
of  equal  width.     It  is  conceded  that  such  an  arrangement  will 

give  more  exact  readings  than  any  other  that  has 
been  used. 

The  magnifying  power  of  the  microscope  is 
from  thirty-five  to  sixty-five  diameters. 

446.  Programme  with  Repeaters.  To 
measure  the  angle  AOB  (Fig.  233),  the  verniers 
are  clamped  at  zero,  then  the  telescope  directed 
to  the  left-hand  station,  Ay  and  the  lower 
motion  clamped.  The  upper  motion  is  then 
undamped  and  the  telescope  directed  and 
clamped  on  B.  This  is  repeated  six  times  by  the  following 
programme: 

PROGRAMME 

Telescope  Normal 

1.  Set  on  left  station,  and  read  both  verniers. 

2.  Unclamp  above  and  set  on  right  station. 

3.  "  below  "  left 

4.  **  above  **  right 

5.  ''  below  "  left 

6.  "  above  "  right 

etc.  etc. 

After  the  sixth  repitition  both  verniers  are  read  and  recorded. 
The  total  angle  turned  off  divided  by  6  gives  a  partial  value  for 


it 

n 
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the  angle  AOB.  The  telescope  is  then  reversed  ^  and  the  exple- 
ment  of  the  angle  AOB  measured  with  the  same  programme. 
This  value  of  the  explement  subtracted  from  360°  gives  a  value 
a'  for  the  angle.     An  inspection  of  this  programme  will  show 

that  the  mean  value,  a  = ,  should,  as  far  as  is  possible, 

eliminate  error  due  to  lack  of  instrumental  adjustment  as  well 
as  the  clamp  errors.^  The  number  of  sets  will  depend  upon  the 
accuracy  sought.  On  the  U.  S.  Coast  and  Geodetic  Survey, 
using  lo-inch  theodolites,  the  number  of.  sets  vary  from  two  to 
four  on  secondary  triangulatioi).^ 

In  the  figure,  the  angle  £0^4,  which  closes  the  horizon,  would 
be  measured  with  the  same  programme  as  though  it  formed  a 
part  of  the  triangulation.  If  this  be  done  the  five  angles  are 
adjusted  by  correcting  each  by  one-fifth  the  failure  of  their 
sum  to  equal  360°.  Th^  practice  of  measuring  summation 
angles  is  no  longer  followed  on  the  U.  S.  Coast  and  Greodetic 
Survey. 

The  following  field  notes  show  one  method  of  using  the 
repeater  for  measuring  horizontal  angles.  "*    Another  method  is 

*  In  case  the  instrument  used  is  a  theodolite,  and  its  telescope  cannot  be 
revolved  on  its  horizontal  axis,  it  should  be  lifted  from  the  pivot  bearings  and 
turned  over  end  for  end,  leaving  the  pivots  in  their  former  bearings.  If  this 
cannot  be  done  conveniently,  then  the  limb  should  be  shifted  by  360 -^«  each 
time,  and  this  will  result  in  mostly  eliminating  these  same  errors  of  collimation 
and  inclination  of  horizontal  axis.  If  it  be  found  that  the  vertical  axes  are  not 
parallel,  then  at  least  four  sets  of  readings  should  be  taken  and  these  should  be 
distributed  upon  the  horizontal  limb  symmetrically  with  reference  to  the  plane 
of  greatest  inclination  between  the  two  vertical  axes. 

'  For  example,  if  the  clamp  error  always  gives  too  large  readings  then  aj  and 

its  explement  are  both  too  large.     This  results  in  a'  too  small.     should 

therefore  be  free  from  all  of  the  clamp  error  that  can  be  so  eradicated. 

'  The  accuracy  here  sought  is  that  the  maximum  error  of  closure  shall  seldom 
exceed  eight  seconds  and  shall  average  two  or  three  seconds. 

*  Taken  from  the  records  of  the  University  of  Wisconsin  Summer  School  of 
S'.rveying. 
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to  make  half  of  the  repetitions  with  telescope  direct  and  half 
with  telescope  reversed,  both  in  measuring  the  angle  as  well 
as  its  explement. 


REPEATING    METHOD 

Horizontal  Angles 

Station:      Water  Tower.  Portage.  Wis.  Date:  June  20,  1906. 

Observers:  Fisher.  Recorder:  Sherman.  Instrument:  B.  &  B.  Repeater  No.  854 


Mean 

Arc 

Passed 

Over. 

Angle, 

Objects 
Observed. 

Time. 

h.  m. 

D 
R 

Reps. 

Angle.  1  A 

i 

1 

B 

of 

Ver- 
niers. 

Mean 

D  and  R. 
0       f       ft 

Remarks. 

Sand  Hill. 

9:30 

D 

0     0,  0 

10 

'  5 

261'* 

Clear 

Hubbard  . 
Expl'mn't 

9:4s 

D 
R 

6 

261     32     10 
00       0 

20 
10 

S 

22'    10" 
1898° 

43   33   41.6 

Mean: 

0            /            /# 

R 

6 

98    38       0  j      0 

i 
1           1 

0 

37'    55" 

316   26  19. 1  ' 

43     33    41    a. 

447.  Non-Repeating  or  DirectioA  Instrument  Pro- 
gramme. An  "  initial "  station  is  chosen  to  which  the 
circle  positions  described  below  are  referred.  This  station 
should  be,  by  preference,  the  one  most  apt  to  be  always  plainly 
visible. 

With  the  proper  circle  reading  clamped  on  the  initial  station, 
the  pointings  are  made  to  the  stations  in  succession  (clockwise), 
and  all  microscopes  read  at  each  pointing.  Thus  if  the  instru- 
ment were  at  O  (Fig.  233),  the  pointings  would  be  made  to  Ay 
By  C,  D,  E  with  telescope  direct.  The  telescope  is  now  lifted 
out  of  the  standards  and  turned  iSo*'  about  its  longitudinal  axis. 
The  alidade  is  then  turned  180°  in  azimuth  and  the  telescopes 
replaced  in  the  standards.^  A  new  pointing  is  now  made  on  E 
recorded  and  similarly  on  D,  Cy  B,  A.  The  average  of  the 
two  pointings  on  any  station  (direct  and  reversed)  is  the 
set  value  of  such  direction.     On  primary  triangulation  one  set 


*  It  will  be  noted  that  this  programme  keeps  the  telescx>pe  in  the  same  position 
as  though  it  had  been  possible  to  transit  it,  i.e.,  t*'*  horizontal  axis  rests  in  the 
same  trunnions  as  l^efore  reversion. 
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is  taken  in  each  of  the  following  sixteen  positions  on  the  initial 
station:^ 


> 

o 

/ 

// 

0 

/ 

// 

No.  I, 

0 

00 

40 

No. 

9. 

128 

00 

40 

No.  2, 

*5 

01 

50 

No. 

10, 

143 

01 

50 

No.  3, 

30 

03 

10 

No. 

II, 

158 

03 

10 

No.  4, 

45 

04 

20 

No. 

12, 

173 

04 

20 

No.  5,  64  00  40  No.  13,  192  00  40 

No.  6,  79  01  50  No:  14,  207  01  50 

No.  7,  94  03  10  No.  15,  222  03  10 

No.  8,  109  04  20  No.  16,  237  04  20 

On  secondary  triangulation,  one  set  on  each  of  the  following 
five  positions  has  secured  resonable  closures.  ^  Less  experienced 
observers  using  less  accurate  instruments  would  of  course  need 
to  increase  the  number  of  sets. 


J\o.  I,    0 

I 

No.  2,   72 

3 

No.  3,  144 

5 

No.  4,  216 

7 

No.  5,  288 

9 

The  following  is  a  field  record  ^  of  the  measurement  of 
horizontal  directions  with  an  8-inch  instrument. 

*  It  has  been  found  that  with  experienced  observers  and  using  a  1 2-inch  theo- 
dolite (Fig.  2?q)  one  set  in  each  of  the  sixteen  positions  insures  the  maximum  error 
of  closing  a  triangle  not  greater  than  three  seconds  and  an  average  of  one  second. 
It  will  be  noted  that  with  th-ee  microscopes  the  readings  in  each  group  of  four 
positions  is  nearly  uniformly  spaced  at  intervals  of  15°  over  the  entire  360**. 

'  Maximum  closure  of  eight  seconds  and  average  closure  of  two  or  three 
seconds  has  been  the  experience  of  the  U.  S.  Coast  and  Geodetic  Survey. 

•Taken  from  the  records  of  the  University  of  Wisconsin  Summer  School  of 
Surveying. 
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Horizontal 


Directions 


Station:      Water  Tower.      State:      Wisconsin.      County:  G>lumbia.    Date,  June  24.  1909. 
Observer:  Bandley.         Recorder:    McNown.     Instrument:  Heydc  Direction.  Pos. :  No.  5 


Objects 
Observed. 


Caledonia  . . 
Sand  Hill  .  . 
Hubbanl  .. . 
Lcwiston  . . . 
Lewiston  ..  . 
Hubbard  . . . 
Sand  Hill  .  . 
Caledonia  . . 


Time, 
h.  m. 


4: 10 


4.15 


Tel. 
Dor/?. 


D 


Mic. 


R 


4:20 


I 

2 
I 
2 
I 

2 
I 
2 
I 
2 
I 
2 
I 
2 
I 
2 


1   1 

Direction.* 

% 

.  ' 

II 

Mean. 

Remarks. 

t     If 

0 

/ 

ti 

2  88 

9 

0 

288 

8 

9.2 

Clear  and  windy 

108       9 

0 

9  0 

.114 

59 

21 

3M     58 

33    8 

»34 

59 

27 

59   24 

358 

3i 

II 

358 

33 

23. 5 

178     33 

20 

33    15 -5 

17       38 

37 

17 

37 

47 

197'    38 

50 

38  43    5 

«97i    36 

58 

17    !    36 

43 

?<i   50   5 

178I    31 

37 

1 

358|    31 

26 

3>    31-5 

»34 

57 

49 

314,    57 

38 

57   43.5 

ic8 

7 

22 

288 

7 

15 

7    '8.5 

1 

1 

448.  Time  of  Observing.  In  order  to  eliminate  the  effect 
of  lateral  refraction  it  was  formerly  thought  necessary  to  observe 
angles  on  several  days.  Recent  specifications  ^  of  the  Coast 
Survey  allow  work  at  any  hour,  and  do  not  require  work  on 
more  than  one  day  at  any  one  station.  (See  Art.  405.)  These 
specifications  have  not  resulted  in  lower  accuracy,  but  instead  in 
much  lower  cost  of  the  field  work. 

449.  Reduction  to  Centre.  It  not  infrequently  happens  that 
the  instrument  cannot  be  set  over  the  geodetic  point,  as  when  a 
tower  or  steeple  is  used  for  such  point.  In  such  a  case  the 
observations  must  be  reduced  to  what  they  would  have  been  if 
the  instrument  or  signal  had  been  placed  directly  over  the  station 
mark.  Thus  in  Fig.  234  let  C  be  the  true  station  and  C  the 
eccentric  point  occupied  by  the  instrument.    The  line  ^£  is  a 

*  By  direction  is  here  meant  the  mean  of  direct  and  reversed  reading. 

*  Prepared  by  Mr.  John  F.  Hayford.    See  Report  U.S.  Coast  and  Geodetic 
Survey  for   1902,  p.  819. 
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side  of  the  system  whose  length  has  been  found.  From  the 
measured  angles  at  A  and  B  the  approximate  value  of  the  angle 
C  is  found  and  the  lengths  of  the  sides  a 
and  b  computed.  At  C  the  angle  AOB  is 
measured  with  the  same  exactness  as  though 
it  were  the  angle  C  itself  and  the  angle 
COB  =  a  is  measured  by  a  single  observa- 
tion. The  distance  CC  =  r  is  also  found. 
Since  the  exterior  angle  at  the  intersection 
D,  as  ADB,  is  equal  to  the  sum  of  the 
opposite  interior  angles,  we  have 

C-f^'^C'+AT,      or      C=C-^{x-y),     .     (i) 


¥\i..  234. 


In  the  triangle  AC'C  we  have  the  sides  b  and  r  and  the  angle 
AC'C  known,  whence 

r  sin  (C  -f  a) 

b 


sm  X--- 


similarly, 


r  sm  a 


sm  v  = 


a 


(2) 


Since  x  and  y  are  very  small  angles,  their  sines  are  propor- 
tional to  their  Lrcs,  and  we  may  write  sin  jc  =  jcsin  i",  where 
X  is  expressed  in  seconds;  similarly,  sin  y  =  y  sin  i",  and  Eqs.  (2) 
become 

rsin  (C  -\-a) 

6  sin  i""  ** 


x  = 


r  sm  a 
^'^asini^ 


(3) 


Substituting  these  values  in  (i)  we  have 


C  -C^-  , 


r     /sin[C'+a]     sin  a 


sm  I 


// 


where  the  correction  to  C  is  given  in  seconds  of  arc.     The  signs 
of  the  trigonometrical  functions  of  the  angle  a  must  be  carefully 


\ 
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attended  to,  as  it  is  measured  continuously  from  B  around  to  the 
left  to  360°. 

.  In  case  the  directions  of  the  sides  have  been  observed  instead 
of  the  angles,  the  following  method  ^  may  be  used  to  correct 
the  directions. 

Referring  to  Fig.  235.     Let  C  be  the  centre  mark  of  the 


Fig.  235. 

Station,  C  the  eccentric  station,  d  the  eccentricity,  D  the  distance 
of  the  line  AC,  a  the  angle  between  C  and  the  object  observed, 
A ,.  and  c  the  angular  correction  to  reduce  to  centre.  Then  we  have 
in  the  triangle  ACE, 

sin  c    sin  a 

~d~^~D~' 

or  c  (in  seconds)  =  -— -; — -j;  (since  c  is  a  small  angle). 

D  sm  I 

The  following  example  ^  shows  a  convenient  form  for  making 
this  computation : 

Example.     Station,  Insane  Asylum,  eccentric  station: 

d=  14  feet  4.87  inches=  172.87  inches,     log=  2.23772 

Reduction  inches  to  metres,  log  ==  8.40483 

sin  i"  a.c,  log= 5.31442 


^°Mi^= 5.95697 


*  Taken  from  Gillespie's  **  Surveying.** 

*  Taken  from  Vol.  II,  (jillespie's  "  Surveying." 
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Table  VI 


Station. 


Insane  Asylum  centre. 

Morgan 

Minoma , . 

Stand  pipe 

Pre.  church 


oo  oo 
119  18 
172  50 
212  38 

?37  07 


log  sin  a 


9.406 
9.0961 

9.7318 
9.9242 


logD 


4.1083 
4.0252 

3-9825 
3.8598 


log 


sin  « 
D 


5.8323 
5.0709 

5.7493 
6.0644 


log 


d  sin 


Z?sin  i" 


1.7893 
1.0279 

1.7063 

2.0214 


Correc 

tion. 
// 


{     61.6 
-f    10.7 

-   50  9 
-105.1 


In  case  angles  were  observed  the  correction  to  any  angle  may 
be  obtained  by  subtracting  the  correction  opposite  left-hand 
station  from  that  opposite  the  right-hand  station,  and  apply  the 
difference  as  the  correction  to  this  angle.  This  is  shown  in:  the 
following  table: 

Table  VII 


Object  Observed. 


Observed 

Angles. 


Insane  asvlum 

Stand  pipe 212®  37'  30" 

93O19'    8".6 


Morgan  stand  ^\\yt . 
Minoma  stand  pipe  .  . 
Pres.  church 


Corrections. 


Reduced 
Angles. 


(-    6i".6-5o".9) 

39%7'45".2  (-    io".7-5o".9) 
295<>42'5i".7  (+io5".H-io".7) 


-i'52".5|  930i7'i6".i 
-I'    i".6;  39«46'43"-6 

+  i'55".8i295°44'47".5 


Adjustment  of  the  Measured  Angles 

450.  Equations  of  Conditions.  When  any  continuous 
quantity,  as  an  angle  or  a  line,  is  measured,  the  observed  value 
is  always  affected  by  certain  small  errors.*  Indeed,  it  would  not 
be  possible  even  to  express  exactly  the  value  of  a  continuous 
quantity  in  terms  of  any  unit,  as  degrees  or  feet  and  fractional 


*  See  Appendix  D  for  a  discussion  of  the  sources  of  error  in  field  work  and 
methods  for  computing  probable  enxjr. 
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parts  of  the  same,  even  though  this  value  could  be  exactly  deter- 
mined. If,  therefore,  the  measured  values  of  the  three  angles 
of  a  triangle  be  added  together,  the  sum  will  not  be  exactly  i8o^. 
But  we  know  that  a  rigid  condition  of  all  triangles  is  that  the 
sum  of  the  three  angles  is  i8o^.  An  equation  which  expresses  a 
relation  between  any  number  of  observed  quantities  which  of 
geometrical  necessity  must  exist  is  called  an  equation  of  con- 
dition, or  a  condition  equation.  Thus,  in  the  above  case,  if  A\ 
B\  and  C  be  the  mean  observed  values  of  the  angles,  and  A, 
B,  and  C  their  true  values,  we  would  have  for  our  condition 
equation 

A+B-^C=^i8d' (i) 

We  would  also  have 

A'i^a'^A;    B'^b'  =  B;    C+c'  =  C, 

where  a',  b\  and  c'  are  small  corrections  to  the  measured  values 
A',  B%  and  C/  which  are  to  be  determined. 

Let  us  suppose  that  the  length  of  the  side  b  has  been  exactly 
measured,^  then  when  the  true  values  of  the  angles  are  found  we 
may  compute  the  other  two  sides.  If  the  sides  b  and  c  have  both 
been  measured,  the  length  of  the  side  c  as  computed  from  b  must 
agree  with  its  measured  length,  and  so  we  might  write  the  con- 
dition equation 

isin(C'+0 

"""  sin(^'-f6')" ^^^ 

Again,  if  the  side  a  had  been  measured  and  its  exact  length 
found,  we  would  obtain  the  third  condition  cfjuation, 

_6sin(^'+tf') 
^~  sin  (B'+b')' ^^^ 


»  This  assumption  is  made  in  regard  to  the  measured  base  lines  in  a  trian- 
gulaiii>n  system,  since  its  exarlncss  is  so  much  greater  than  can  be  obtained  in 
the  angle  measurements. 
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We  now  have  three  independent  equations  involving  three 
unknown  quantities,  and  can,  therefore,  find  the  quantities  a', 
i',  and  c'.  But  if  only  one  side  had 
beeif  measured,  we  shovld  have  had 
but  one  equation  from  which  to 
determine  three  unknown  quantities. 
Evidently  there  is  an  infinite  num- 
ber of  sets  of  values  of  a\  b\  and 
c\  which  would  satisfy  this  equa- 
tion. If  we  now  impose  the  condi- 
tion that  the  corrections  shall  be  the 
most  probable  ones,  then  there  is  but  one  set  of  values  that  can 
be  taken. 

Equation  (i)  is  called  an  angle  equatiotiy  since  only  angles  are 
involved;  while  Eqs.  (2)  and  (3)  are  called  side  equations,  since 
the  lengths  of  the  sides  are  also  involved. 

451.  Local  or  Station  Adjustment.  Where  the  angles  at  a 
given  station  were  measured  by  the  repeating  method  one  or 
more  rigorous  conditions  result,  the  use  of  which  should  lead  to 
still  more  accurate  values  for  the  angles  measured  thus: 

(a)  The  sum  of  the  angles  around  the  horizon  should  equal 
360°,  and 

{b)  An  angle  may  be  formed  from  two  or  more  others.^ 

Such  a  problem  is  best  solved  by  use  of  the  least  square 
method.2  Otherwise  the  following  less  accurate  method  may  be 
employed.     In  Fig.  237  we  have 

+£  =  £    or    A^B-E^€,      .    .    .    .     (i) 
and  also 

^+J5-f-C  +  i>  =  36o°    or    A^B^-C^-D-t,(kP=b\        (2) 


*  This  practice  is  not  encouraged  on  the  U.  S.  Coast  and  Geodetic  Survey,  as 
was  formerly  the  case,  for  the  reason  that  the  additional  accuracy  was  not  com- 
mensurate with  the  labor  involved. 

*  See  Wright  and  Hay  ford's  "  Treatise  on  the  Adjustment  of  Observations," 

p.  259- 
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From  (i)  we  have  (if  e  is  a  plus  quantity), 


i^-'M'-'M^''i)-° .<^' 


and  if  e'  be  a  plus  quantity, 


(-7)-(-9^(-9^(-9— ■ 


(4) 


Values  for  A  and  B  {A'  and  B*)  are  obtained  from  (3)  and 
substituted  in  (4),  which  is  then  solved.*  Eq.  (4)  is  the  only 
one  commonly  used. 


Fig.  237 

•  * 

Having  satisfied  the  station  equations  we  next  eliminate  the 
discrepancies  disclosed  by  the  geometrical  conditions  discussed  in 
Art  4S5»  viz.: 

1.  That  the  sum  of  the  angles  of  each  triangle  must  equal 
180*^  plus  the  spherical  excess. 

2.  That  the  length  of  any  side  as  computed  from  the  known 
side  should  be  the  same  by  every  route.  These  equations  are 
called  angle  and  side  equations,  respectively. 

452.  Spherical  Excess.  Unlike  a  plane  triangle,  the  sum  of 
the  angles  of  a  spherical  triangle  must  need  be  in  excess  of  180®. 

*  This  method  is  only  approximate  because  the  corrections  obtained  are  suc- 
cessively obtained. 
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If  r  =  the  radius  of  the  sphere  and  £  the  spherical  excess  in  seconds, 
then  we  have 

area  of  J 


£  = 


r^sin  I 


// 


It  is  not  usual  to  take  account  of  the  spherical  excess  in  com- 
puting a  single  triangle  or  quadrilateral ;  but  if  azimuth  is  to  be 
carried  over  a  series  of  triangles  it  is  necessary  that  all  the  angles 
be  spherical  angles.  In  this  discussion  spherical  excess  will  be 
omitted;  but  if  it  is  desirable  to  introduce  it,  it  may  be  inserted  in 
Eqs.  (i),  (2),  (3),  pp.  615-6,  the  right  members  then  becoming 
^1+^1,  fc+^2,  and  h+ez,  where  ei  is  the  residual  excess  of  the 
angle  AOB  over  that  of  the  angle  DOC  (being  negative  in  this 
case),  62  is  the  excess  of  angle  BOC  over  that  of  the  angle 
AODy  and  e^  is  the  spherical  excess  for  the  entire  quadrilateral. 
The  spherical  excess  may  be  taken  as  i"  for  each  75  square  miles 
of  area,  and  this  is  to  be  divided  equally  among  the  angles  of  the 

figure.    The  formula  for  spherical  excess  E  (in  seconds)  = — ' 

where  A  is  area  in  square  miles,  and  r  is  radius  of  the  earth  in 
miles. 

453.  Adjustment  of  a  Triangle.  The  finding  and  applying 
of  the  most  probable  corrections  to  the  measured  values  of  the 
angles  of  a  system  of  triangulation  is  called  adjusting  the  system. 
In  the  case  of  a  single  triangle  with  one  known  side  and  three 
measured  .angles,  we  have  seen  that  there  is  but  one  equation 
of  condition.  If  the  three  angles  have  been  equally  well  observed, 
then  it  is  most  probable  ^  that  they  are  all  equally  in  error,  and 
hence  this  condition  of  highest  probability  gives  us  the  proba- 
bility equation 

a'  =  ft'  =  c', (4) 

which  enables  the  corrections  to  be  determined.     ' 


1  That  is,  this  relation  is  more  probable  than  is  any  other  single  relation 
that  can  be  assigned,  but  of  course  it  is  not  more  probable  than  all  other  cases 
combined.    See  also  Appendix  D  on  Errors. 
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Thus,  let     ^'-f^'-fC'-iSo^^a'+ft'+c'-F, 

then  from  (4)  we  have 

a'  =  y==.'  =  ^, (5) 

3 

where  V  is  the  error  of  closure  of  the  triangle. 

If  the  angles  have  not  been  equally  well  observed,  as  evidenced 
by  their  computed  probable  errors,  or  by  use  of  instruments  of 
different  grades,  the  most  probable  corrections  would  be  those 
which  are  proportional  to  the  computed  probable  errors  of  the 
angles.  Thus,  if  the  probable  errors  of  the  angles  A,  B,C  were 
i',  i".5,  2" J  and  Ci,  C2,  C:^  are  the  corrections  to  be  applied  to  the 
measured  values  we  would  have 

Ci'.i:  :C2:i.s:  :C3:2, 
or  (i)   1.5^:1  =C2  =  0.75^3. 

(2)  2     C2=I.5C3. 

(3)  ^l+^2+C3  =  4-5- 

From  these  equations  the  values  for  the  correction  to  each 
angle  can  be  easily  computed. 

Adjustment  of  a  Quadrilateral 

454.  General  Statement.  The  rigid  least  square  adjustment 
of  a  quadrilateral  is  to  be  preferred  to  any  substitute  method 
like  the  following.  The  main  advantage  of  this  substitute  is  that 
it  can  be  used  by  the  many  who  are  not  familiar  with  least  square 
methods.  It  gives  substantially  the  same  results  as  the  more 
rigid  method  one  a  single  quadrilateral. 

455.  The  Geometrical  Conditions.  In  the  quadrilateral  in 
Fig.  238  there  are  eight  observed  angles,  A\j  £2,  Bs,  C4,  etc. 
The  geometrical  conditions  which  must  here  be  fulfilled  are: 
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(a)  The  sum  of  all  the  angles  of  any  triangle  must  be  i8o° 
plus  the  spherical  excess  and  the  opposite  angles  at  the  inter- 
section of  the  diagonals  must  be  equal. 

{b)  The  computed  length  of  any  side,  as  DC,  when  obtained 
from  any  other  side,  as  AB^  through  two  independent  sets  of 
triangles,  as  ABCy  BDC,  and  ABD,  ADC,  shall  be  the  same  in 
both  cases. 

The  probability  condition  is  that  the  set  of  corrections  applied 
to  the  several  angles  shall  be  more  probable  than  any  other  one 
of  the  infinite  number  of  sets  of  corrections  which  would  satisfy 
the  other  condition. 

The  condition  given  in  (a)  gives  rise  to  the  angle  equations, 
and  that  given  in  (b)  gives  one  side  equation. 

There  are  evidently  eight  unknown  corrections  to  be  deter- 
mined. 

456.  The  Angle-Equation  Adjustment.  In  the  quadri- 
ateral  A  BCD  we  have  four  triangles  in  which  all  the  angles  have 
been  observed,  two  sets  of  opposite  angles  where  the  other  two 
angles  of  the  corresponding  triangles  have  been  observed,  and 
the  quadrilateral  itself  in  which  all  the  angles  have  been  observed; 
making,  in  all,  seven  geometric  conditions  to  be  fulfilled.  Only 
three  of  these  conditions  are  independent,  however,  since  where 
any  three  independent  conditions  are  fulfilled  the  remaining  four 
are  fulfilled  also.  Thus,  a  great  variety  of  conditioned  equations 
could  be  formed,  but  we  will  choose  the  three  which  give  the 
simplest  equations,  viz.:  that  the  opposite  central  angles  shall 
be  equal,  and  that  the  sum  of  all  the  angles  of  the  quadrilateral 
shall  be  360®.    These  give  rise  to  the  following  equations: 

If  ill,  B2y  B3,  C4,  etc.,  be  the  observed  angles,  and  /i,  h,  and 
Is  the  residuals  in  the  several  combinations,  due  to  erroneous 
determinations,  then  we  have: 

180°- (^l+B2)-  i  180- (C5  +  I>6)|  =/l, 

or    -A1-B2  +C6+Ds  =/i.     (i) 
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Similarly,  -B3-C4  H-Dy  +  ^s  -/2,     (2) 

and  Ai+Bz+Bs  +  C^+Cs+De+Dj  +  As-sOo^k.     (3) 

If  the  angles  have  all  been  equally  well  observed, — ^that  is,  if 
their  mean  observed  values  have  equal  credence, — then  they  are 
said  to  have  equal  weight,  and  any  residual  arising  from  any 
combination  of  angles  should  be  distributed  uniformly  among  the 
angles   forming   such   combination.^     Thus  /i    arises    from  the 


angles  Ai,  B2,  Cs,  and  D^.  This  residual  should  therefore  be 
divided  equally  between  these  four  angles.  When  this  is  done 
we  have 


*  The  errors  in  the  mean  observed  values  of  the  angles  are  suppmsed  to  result 
from  the  small  incidental  errors  and  approximations  made  in  pointing,  reading, 
-etc.;  in  other  words,  they  are  supposed  to  be  errors  of  observation  and  not  instru- 
mental errorSy  these  latter  having  been  eliminated  by  the  method  of  making  the 
observations.  Since  the  sources  of  the  errors  of  observation  are  the  same  for 
small  as  for  large  angles,  it  follows  that  they  should  be  credited  with  equal  por- 
tions of  the  aggregate  error  of  any  combination  of  angles,  regardless  of  the  size 
of  the  angles  themselves.     See  Appendix  D  for  further  explanation. 
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Similarly 

It  is  evident  that  if  /a  be  now  divided  uniformly  among  the 
eight  observed  angles,  it  will  not  aflfect  the  two  adjustments 
already  made;  neither  have  the  adjustments  already  made 
afifected  the  third  condition,  expressed  by  Eq.  (3),  since  equal 
amounts  have  been  added  and  subtracted.  Hence  these  adjust- 
ments may  be  made  in  sequence  as  well  as  simultaneously,  and 
we  shall  have  for  the  total  corrections  for  angle  equations 

Or,  if  vu  ^2>  ^3,  etc.,  be  the  total  corrections  to  the  several  mean 
observed  angles  for  angle  equations,  we  have 


h  -  2/1  h  -f  2/1 

h  —  2/2  h  +  2/2 

Vz^Va= ,        2/7  =  ^8= g . 


.     .     .     (7) 


457.  The  Side-Equation  Adjustment.  In  the  quadrilateral 
shown  in  the  figure,  let  ^4  J5  be  the  known  side,  and  CD  the  required 
side,  which  is  to  be  computed  through  two  independent  sets  of 
triangles.  Let  A\\  B^,  B^  ,  etc.,  be  the  several  angles  corrected 
for  angle  conditions  by  the  corrections  found  in  Eq.  (7). 
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As  computed  through  the  j&rst  set  of  triangles,  we  have 


Similarly, 


^^    BC  sin  Bs'    AB  sin  A i'  sin  Bs' 
sm  De  sm  C4  sm  Z/e 


^^    .4Z?  sin  As'AB  sin  ^/  sin  As' 
sm  C5  sm  Cs  sm  D^ 


Whence 


sin  i4 1'  sin  ^3'    sin  B^'  sin  i48'^ 
sin  C4  sin  Do'    sin  C5'  sin  D7" 


or 


sin  i4i' sin  53' sin  Cs' sin  7)7' 
sm  B2  sm  C4  sm  De  sm  ^Ig 

which  is  called  the  side  equation. 

It  is  evident  that  in  any  case  where  the  angles  have  all  been 
observed,  even  after  they  have  been  adjusted  for  the  angle 
conditions,  this  equation  will  not  hold  true,  the  value  of  the  left 
member  being  a  little  more  or  less  than  one.  When  put  into 
the  logarithmic  form  for  computation,  therefore,  we  will  have 

log  sin  A\  -\- log  sin  B^  -f  log  sin  C5'  +  log  sin  D-/ 

—  log  sin  B<i  -  log  sin  C\  -  log  sin  De  -  log  sin  Ag^Uy       (11) 

where  I4  is  the  logarithmic  residual  due  to  erroneous  observa- 
tions. 

We  must  now  distribute  this  residual  U  among  the  log  sines 
according  to  the  most  probable  manner  of  the  occurrence  of 
the  errors  which  caused  it.  For  a  given  small  error,  as  i",  in 
any  angle,  the  effect  on  the  log  sine  is  measured  by  the  loga- 
rithmic tabular  difference  for  i"  for  that  angle.  This  tabular 
difference  varies  for  different  angles,  being  large  for  angles  near 
zero  or  180°,  and  small  for  angles  near  90°. 
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Let  Viy  V2,  Vs,  etc.,  be  the  corrections^  to  be  made  to  the 
angles  Ai,  82,  Bs\  etc.,  for  the  side  equation  (11),  and  let  rfi, 
^2,  ^3?  etc.,  be  the  corresponding  logarithmic  tabular  differences 
for  i". 

Now,  the  influences  on  I4  of  the  small  angular  errors  were  in 
direct  proportion  to  the  tabular  differences  of  the  corresponding 
log  sines;  therefore  the  corrections  should  be  in  proportion  to 
the  corresponding  tabular  differences.  In  other  words,  the  cor- 
rections are  weighted  in  proportion  to  their  tabular  differences.^ 
We  therefore  have  the  numerical  relation: 

Vi'.di:  :V2  :d2:  ivsidzy  etc., 
or,  paying  attention  to  signs, 

=  -7-  =  :7-=-T-  =  etc (12) 


d\         d2     ds         d^ 

But  since  the  log-sine  correction  is  the  angular  correction 
multiplied  by  the  tabular  difference,  and  since  the  sum  of  these 
would  equal  h,  we  would  have 

Vxdi-V2d2-^V:idz-VAd4-\-v^'d^-VQ'dQ-\rVTdT-v%d^^  -U,  (13) 

From  Eqs.  (12)  and  (13)  we  are  to  find  the  side-equation  correc- 
tions Vi\  V2  y  vz  y  etc. 


*  By  Kq.  (11)  it  will  be  seen  thai  the  corrections  to  the  angles  having  odd 
subscripts  must  be  of  opposite  sign  from  those  having  even  subscripts. 

*  To  illustrate  this  principle  more  fully,  let  us  suppose  that  for  a  change  of 
i"  in  the  angles  A^  and  A-^  the  corresp<.)nding  changes  in  the  log  sines  are  i'  for 
i4|  and  a  for  A^\  then  for  a  given  error  of  i  in  log  sin  /Ij  +  log  sin  .4,  =  /  there  are 
two  chances  that  it  came  from  A^  to  one  chance  that  it  came  from  /!„  when  these 
angles  were  equally  well  observed.  If  the  error  is  to  be  divided  between  the 
angles  ^4,  and  A^,  therefore,  we  should  make  the  correction  \.o  A^  twice  as  great 

as  the  correction  to  A^^  or  v^w^wd^'.d^y  whence  —  =  — .     The  same  reasoning 

would  hold  evidently  for  any  number  of  angles,  hence  Eq.  (12). 
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Dividing  Eq.  (13)  by  Eq.  (12),  term  by  term,  we  have 

dl2  4-^22  4-42 +^^4^ +  ^6^ +  ^62 +^72 +^82 

Udi        Ud2        hds      ,    . 

Vi  V2  Vz 

Whence  we  have,  for  the  values  of  these  corrections, 


di 

V2       Vz 

di     dz 

Vi     Vs         ve     v/ 
di     d^         de     dj 

vs'            h 

ds         ilcP) 

(14) 


We  have  now  found  a  set  of  corrections,  vi,  V2,  Vs,  etc. 
(Eq.  (7)),  for  the  angle  equations,  and  a  set  of  corrections,  Vi\ 
V2',  Vsy  etc.  (Eq.  (14)),  for  the  side  equation;  but  they  were 
determined  independently  and  not  simultaneously,  and  therefore, 
when  successively  applied,  each  set  of  corrections  will  disturb  the 
former  adjustment  somewhat.  Thus,  if  the  corrections  in  Eq.  (7) 
be  first  applied,  and  then  those  of  Eq.  (14),  using  the  partially 
corrected  angles  in  finding  U  by  Eq.  (11),  we  would  find  Eq.  (10) 
would  be  satisfied,  but  /i,  h,  and  /a,  in  Eqs.  (i),  (2),  and  (3), 
would  now  not  be  zero  when  the  newly  adjusted  angles  were 
used.  Another  set  of  corrections  Vi'\  7/2",  Vs\  etc.,  might  now 
be  found  by  Eq.  (7)  for  the  adjusted  angles  Ai\  82',  Bz\  etc., 
and  so  on  by  successive  approximations,  using  the  corrections  of 
Eqs.  (7)  and  (14)  alternately,  until  both  sets  of  conditions  were 
satisfied  within  the  desired  limits.  It  will  usually  be  found, 
however,  that  the  adjustment  for  side  equation  does  not  mate- 
rially disturb  that  for  angle  equations.  If  the  angles  were  all 
the  same  size,  so  that  the  corrections  to  the  log  sines  would  have 
equal  weight,  the  first  adjustment  would  remain  undisturbed. 
In  this  case,  the  corrections  for  side  equation  would  all  be  numer- 
ically equal,  the  odd  and  even  subscripts  having  opposite  signs. 
If  the  observed  angles  range  between  30^  and  60°,  as  they  would 
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in  a  fairly  symmetrical  quadrilateral,  then  the  errors  of    this 
approximation  would  be  quite  inappreciable. 

458.  Rigorous  Adjustment  for  Angle-  and  Side-Equations. 
Let  the  angle-equation  adjustments  be  applied  as  given  by  Eq.  (7). 
Then,  using  these  adjusted  angles,  let  the  corrections  to  the 
angles  for  side  equation  be  so  expressed  that  they  shall  not  be 
inconsistent  with  the  angle-equation  conditions,  whatever  their 
values.    This  may  be  done  by  letting 


2/4'=- 


^O+^I, 

^'5  = 

^0+^3; 

XQ-X\y 

v^- 

Xq-Xz\ 

Xq-^X2, 

t'/  = 

-XQ-\rX^\ 

^0      X2. 

v^  = 

-Xq~X^,    J 

(15) 


Then,  analogous  to  Eq.  (13),  we  may  write 

rfi  (:vo  -f^i)  -  ^2(^0-  ^1)  -  ^3(^0  -  '^"2)  +^4(^0  +^2) 

-\-dr^(xQ^Xz) - d^{xQ-xi) - d-j(xQ-x^)  -^-d^ixQ^-x^^^  - U\     (16) 


or 


{d\  —  (^2-  ^3  +  ^4  -l-rfs-  rfe-  rf?  +  ^8)^0  +  (^i  +^2)^1 


.       •       (17) 


wherein  l\  is  given  by  Eq.   (ri),  and    the  d\  are  the  tabular 
differences  for  one  second  for  several  log  sines  as  before. 

If,  for  simplicity,  we  write  for  the  coefficients  of  x^s,  X\,  JC2, 
X3,  :V4,  respectively,  Co,  Ci,  C2,  C3,  and  C4,  then  (17)  becomes 


CcyVo  +  Ci^Vi  -h  C2X2  +  CzX^  -f-  C4^4  =  -  h- 


(18) 


It  now  remains  to  find  the  values  of  jcq,  x\,  xi,  ^3,  and  x^,  such 
that  their  combinations  which  make  up  the  angle  corrections  as 
given  in  Eqs.  (15)  shall  be  the  most  probable. 
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To  make  (i8)  symmetrical  with  (15),^  we  may  put  it  in  the 
following  form: 

+  (— :vo4-C4^4)  = -/4 (19) 

In  the  argument  preceding  the  derivation  of  Eq.  (12)  it  was 
found  that  the  measured  angles  required  to  be  corrected  by  a 
series  of  quantities  {v\\  V2  ,  etc.),  which  quantities  were  found 
to  be  to  each  other  as  the  tabular  differences  of  the  angles  them- 
selves; and  Eq.  (13),  which  is  a  summation  of  log  sine  correc- 
tions, shows  that  when  Eq.  (12)  is  true  it  is  equivalent  to  saying 
that  the  most  probable  set  of  angle  corrections. (z^',  V2,  etc.)  is 
that  set  which  are  respectively  propxjrtional  to  their  numerical 
coefficients  (di,  ^2,  etc.).  This  is,  in  fact,  a  general  law  of  the 
theory  of  probabilities;  and  hence  we  say,  in  Eq.  (19),  that  the 
most  probable  corrections  (jcq,  ^1,  etc.)  are  those  which  are  pro- 
portional to  their  several  numerical  coefficients,  or,  we  may 
write  at  once,  as  a  condition  of  the  greatest  probability: 

t^o  ^  Co 

Xq:x\\:  — : C 1 ;     .Yo :.^2 : '-  —  '(^2,  etc. ; 
4  4 


or, 


4X0       .Vi         4.V0       X'i 

—  -= — •     —  -  =  —    etc. 
Co     C\      Co     C2 


Therefore  the  condition  of  the  highest  probability  gives 


4^:0      X\      X2      X^i      Xa 

Co     Ci     C2     C3    C\ 


(20) 


'  This  is  done  in  order  to  reduce  the  weight  of  .Vo  to  that  of  eat  h  t>f  the  other 
four  X  components  of  the  v  correctit>ns  in  (15),  as  .v.j  enters  eight  times  in  those 
equations  while  each  of  the  others  enters  onlv  twice. 


CEODMTIC   SURVEYING  623 


Dividing  (i8)  by  (20),  term  by  term,  we  have 


— +  Ci2+C22-fC32-f-C42  = 


C0/4 

C,h 

4^0 

Xl 

C2I4 

C3/4 

C4/4 

• 

1 

X2  x^  x^ 


whence 


4J^o'_^i  _^2  _  ^3  ^^4  ^ ^4 J  ,     . 

Co     Ci     C2    C3     C4        Co^     v//^9\ 

4 

From  Eq.  (21)  the  side-equation  corrections  can  be  com- 
puted, which  will  not  disturb  the  angle-equation  adjustment, 
and  which  are  the  most  probable  corrections  to  the  several  angle 
values. 

The  second  or  rigid  method  will  be  found  much  more  satis- 
factory than  the  method  by  approximations.  The  complete 
adjustment  consists  in  applying  to  the  mean  measured  values, 
the  corrections  from  angle  equations  given  by  Eq.  (7),  and  then 
applying  to  these  corrected  angles  the  corrections  found  by 
Eq.  (21). 

Note.  The  results  obtained  in  the  above  adjustments  are 
identical  with  those  found  by  the  method  of  least  squares,  and 
the  fundamental  principle  by  which  they  are  obtained  is  also 
the  same  as  that  of  least  squares,  viz. :  that  the  arithmetic  mean 
of  properly  weighted  observations  is  the  most  probable  result, 
and  is  identical  with  that  obtained  by  making  the  sum  of  the 
squares  of  the  corrections  a  minimum.  For  least-square  solu- 
tions of  this  problem,  see  Clarke's  '*  Geodesy,''  pp.  263-6,  and 
Wright  and  Hayford's  "  Adjustment  of  Observations,*'  pp.  303-8. 

^^— ^.— — — ^■.^— ^— ^— ^^^»^—       ■■■MIBWMI  ■■■■■  ■■■■I......  —■!  --i '*"-  '■  -■.  ■  I  ■-■■■■I 

*  Note  that  Z{C^)  does  not  include  CV. 
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EXAMPLE 

The  following  is  the  numerical  computation  of  the  quadrilateral  shown  in 
the  figure.  AB  \s  the  known  side,  and  CD  is  to  be  found.  The  mean  observed 
values  of  the  angles  are  given  in  the  second  column.  The  corrections  for  angL 
equations  are  given  in  the  third  column,  and  are  the  same  for  all  three  methods 
of  solution  given  above.  The  spherical  excess  is  here  applied  only  to  the  quadri- 
lateral as  a  whole,  or  to  73  thus  distributing  it  equally  among  the  several  angles. 
This  is  a  common  way  of  doing  it,  although  if  the  excess  is  considerable,  and 
the  several  triangles  very  unequal  in  size,  as  is  the  case  here,  it  should  be  applied 
to  the  several  triangles  according  to  their  size,  as  stated  in   Art.  452. 

In  columns  7  and  8,  the  corrections  for  side  equation  are  worked  out  by  the 
two  methods  given  to  show  the  relative  results.  Thus,  from  Eq.  (14)  we  find 
the  values  ol  v,',  r,',  etc.,  for  the  first  approximation.  Applying  these  to  the 
first  corrected  values  in  column  4,  and  again  taking  out  the  values  of  /„  /,,  and 
/j,  for  angle-equation  conditions,  we  find  they  are  not  zero,  but  very  small.  It 
would  probably  be  sufficient  to  work  out  a  new  set  of  angle  corrections  by  Eq.  (7), 
and  then  consider  the  quadrilateral  adjusted.  In  this  example,  the  final  values 
thus  found  would  then  differ  from  the  final  values  by  the  rigid  adjustment  by  not 
more  than  o".2  for  any  angle. 

If  we  compute  CD  from  AB^  assuming  the  latter  to  be  25,000  feet  in  length, 
we  obtain  88,670.9  feet  in  passing  though  the  triangles  ABC  and  BCD^  while 
if  we  pass  through  the  triangles  ABD  and  ADC  we  obtain  88,671.1  feet,  a  dis- 
crepancy of  0.2  foot,  and  giving  a  mean  value  of  88,671.1  feet.  The  discrepancy  of 
0.2  foot  in  the  two  results  by  the  rigid  solution  results  from  not  computing  the 
corrections  beyond  tenths  of  a  second. 

If  simply  a  check  on  the  final  corrected  values  is  desired,  it  may  be  obtained 
by  adding  them,  when  their  sum  should  equal  360® -I- spherical  excess,  or  by  taking 
out  the  log  sines  and  seeing  if  //  in  Eq.  (11)  is  zero.     In  this  case  it  is  not  zero, 
but  9,  resulting  from  not  carrying  out  the  corrections  beyond  tenths  of  seconds 
as  mentioned  above. 

Adjustment  of  Larger  Systems 

459.  Used  only  in  Primary  Triangulation.  The  simul- 
taneous adjustment  of  all  the  angles  in  an  extended  system  of 
triangles  with  one  measured  base  which  is  taken  as  exact,  is  a 
very  complicated  problem.  The  methods  of  least  squares  must 
here  be  applied,  so  that  a  discussion  of  this  problem  belongs 
rather  to  a  treatise  on  geodesy  than  to  one  on  surveying.     The 
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adjustments  of  a  triangle  and  of  a  quadrilateral  will  be  found 
sufficient  for  all  secondary  work,  or  such  as  is  intended  to  serve 
only  for  topxjgraphical  or  geographical  purposes.  Especially  is 
this  true  if  the  stations  be  so  selected  that  the  observ^ed  lines 
will  form  a  series  of  quadrilaterals.  The  adjustment  of  these 
quadrilaterals  by  the  rigid  method  given  above  gives  nearly  as 
good  results  as  could  be  obtained  by  reducing  the  work  as  a 
single  system.  For  a  discussion  of  the  least-square  methods  of 
adjustment  of  an  extended  system  of  triangles  the  student  is 
referred  to  "  Primary  Triangulation  of  the  U.  S.  Lake  Survey," 
being  Professional  Papers,  Corps  of  Engineers  U.  S.  A.,  No.  24; 
Report  of  the  U.  S.  Coast  and  Geodetic  Survey  for  1875;  Clarke's 
**  Geodesy  ";  and  especially  to  Wright's  "  Adjustment  of  Obser- 
vations," p.  259. 

The  facility  and  accuracy  with  which  base  lines  may  now 
be  measured  by  means  of  long  steel  tapes  will  result  in  actually 
measuring  many  more  lines  than  has  heretofore  been  done,  and 
so  errors  from  angular  measurements  will  not  be  allowed  to 
accumulate  to  any  great  extent.  Indeed,  geodetic  methods  have 
already  been  materially  influenced  by  this  new  method  of  accu- 
rate measurement. 

460.  Computing  the  Sides  of  the  Triangles.  After  the 
angles  of  the  system  are  adjusted,  the  sides  of  the  triangles  are 
computed  by  the  ordinary  sine  ratio  for  plane  triangles.  If 
the  system  consists  of  simple  triangles,  then  one  side  is  known 
and  the  other  two  sides  computed  from  it.  In  this  case  there 
is  no  check  on  the  computation  except  what  the  computer  carries 
along  with  him,  or  what  may  be  obtained  from  a  duplicate  com- 
putation. 

If  the  system  be  made  up  of  a  series  of  quadrilaterals,  then 
the  line  which  is  common  to  two  successive  quadrilaterals  is 
computed  through  two  sets  of  triangles  from  the  previous  known 
side.  Thus  if  the  quadrilateral  of  Fig.  238  be  one  of  a  series 
the  lines  in  common  being  AB  and  CD,  then  AB  is  computed 
in  duplicate  from  the  previous  quadrilateral,  and  the  mean  of 
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the  two  results  taken.  In  the  triangle  ABD  compute  AD,  and 
then  in  the  triangle  ADC  compute  DC]  in  the  triangle  ABC 
compute  BC,  and  then  in  the  triangle  BCD  compute  DC  again. 
There  are  thus  obtained  two  independent  values  of  DC,  as  com- 
puted from  AB.  If  the  adjustment  had  been  exact  these  values 
would  have  agreed  exactly,  but  the  adjusted  angles  were  com- 
puted only  to  the  nearest  second,  or  tenth  of  a  second;  hence 
the  two  values  of  DC  will  agree  only  to  a  corresponding  exact- 
ness.  If  the  system  be  composed  of  quadrilaterals  and  the 
adjustment  be  made  to  the  nearest  second,  then  the  two  values 
of  DC  would  probably  diflfer  in  the  fifth  or  sixth  significant 
figure.  If  the  adjustment  be  made  to  the  nearest  tenth  of  a 
second,  and  a  seven-place  logarithmic  table  be  used,  then  the 
two  values  of  DC  should  begin  to  diflfer  in  the  sixth  or  seventh 
place.  Of  course  the  adjusted  values  are  not  the  true  values  of 
the  angles,  but  simply  the  most  probable  values.^  If  the  angles 
were  not  accurately  measured  the  adjusted  values  may  still  be 
considerably  in  error,  but  in  any  such  errors  would  not  prevent 
the  two  values  of  CD  from  agreeing,  since  this  agreement  is  one 
of  the  conditions  which  the  adjustment  is  made  to  satisfy.  The 
disagreement  between  the  two  computed  values  of  CD  comes 
only  from  the  inexactness  of  the  computed  corrections  to  the  angles, 
an  angle,  like  a  length,  being  an  incommensurable  quantity,  and 
hence  some  degree  of  approximation  is  necessary  in  its  expression. 
If  the  true  computed  values  of  CD  differ  by  more  than  the  amounts 
above  signified,  then  it  is  probable  that  an  error  has  been  made 
in  the  computation. 

Suhc  computations  as  the  above  are  best  arranged  as  in  the 
table  on  following  page. 

Here  the  angles  are  written  in  such  an  order  that  when  the 
arithmetical  complement  (a.  c.)  of  the  subtractive  log.  sine  i3 
taken  out,  the  three  logs,  will  be  in  convenient  relative  positions 
for  adding.     This  will  become  evident  on  a  study  of  the  table. 


*  See  Appendix  D  for  discussion  of  probable  error,  etc. 
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In  computing  the  second  and  fourth  triangles  it  is  evidently 
unnecessary  to  write  the  log.  distances  again  in  their  proper 
lines,  since  they  already  stand  conveniently  just  above.  It  will 
be  noted  that  in  the  above  form  the  diagonals  of  the  quadri- 
lateral were  not  computed. 


Table  IX 


Sta- 
tions. 

Adjusted  Angles. 

Log.   sines. 

1 

Log. 
Distances. 

Distances 
in  Feet. 

Sides. 

A 

i8°  49'  37".5 
47    31    19  -3 

9.5088166 
a.  c.  (.4911834) 
9.8677843 

3.8989072 
4.2578749 

7>923-32 
18,108.19 

Base  AB 

AD 

c, 

P 

39    48    o6  .1 
83     26    II   .3 

9.8062698 
a.c.  (.1937302) 
9.9971441 

4.4487492 

28,102.77 

CD 

B 
-4, 

13    20    29  .0 
30    12    52  .4 

9-3631467 
a.c.  (.6368533) 

9-7017747 

3.8989072 
4.2375352 

7.923-32 
17,279.67 

Base  AB 
BC 

C 
B, 

37    56    05   .7 
88    55    19  .6 

9.7887098 
a.  c.  (.2112902) 
9.9999229 

4.4487483 

28,102.71 

1 
CD 

When  a  series  of  triangles  in  a  chain  arc  to  be  computed 
from  a  base  line  and  the  adjusted  angles,  whether  these  form  a 
single  row,  as  in  I,  p.  541,  or  a  double  row,  making  complete 
quadrilaterals,  as  in  III  of  the  same  page,  it. is  customary  to 
compute  all  the  sides;  and  then,  in  case  of  a  series  of  quadri- 
laterals, the  average  length  (or  log.)  of  the  sides  common  to  two 
adjacent  quadrilaterals  is  used  as  a  new  base  for  the  next  one. 
Thus,  if  all  the  sides  in  the  above  quadrilateral  were  to  be  com- 
puted, and  if  the  side  CD  be  computed  through  the  two  diagonals 
instead  of  through  the  outer  sides,  the  computations  would  be 
arranged  as  follows: 
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Table  X 


su- 

tions. 

Adjusted  Angles. 

Log.  sines. 

Log. 
Distances. 

Distances 
in  Feet. 

Sides. 

c 

B 
A 

I3*>  20'  29".o 

136     26    38  .9 
30     12    52   .4 

9.3631467 
a.  c.  (.6368533) 
9.8382579 

9.7017747 

3.8989072 

4.3740184 

4.2375352 

7.923.32 

23,660.20 
17,279.67 

Base  AB 

AC 
BC 

D 

A 
B 

18    49    37  -5 

"3    39    03  -7 
47    31    19  .3 

9.5088166 
a.  r.  (.4911834) 
9.9618982 
9.8677843 

3.8989072 

4.3519888 
4.2578749 

7.923-32 

22,449.09 
18,108.19 

Base  AB 

BD 
AD 

C 

D 
B 

53    08    35   -I 

37    56    05   .7 
88    55    19  .6 

9.9031638 
a.  c.  (.0968362) 
9.7887098 
9.9999229 

4.3519888 

4.2375348 
4.4487479 

22,449.09 

17.279.65 
28,102.69 

BD 

BC 
CD 

D 

C 
A 

56    45    43  .2 

39    48    06  .1 
83     26    II   .3 

9.9224146 

a.  c.  (.0775854) 
9.8062698 
9.9971441 

4.3740184 

4.2578736 
4.4487479 

23,660.20 

18,108.14 
28,102.69 

AC 

AD 
CD 

In  this  form  the  logs,  of  the  angles  and  of  the  sides  opposite 
to  them  are  placed  on  the  same  line,  the  known  side  and  its 
angle  opposite  being  always  written  on  the  first  line,  and  the 
a.  c.  of  this  log.  sine  taken  out  as  shown.  The  log.  distances  of 
another  side  of  any  triangle  is  then  the  sum  of  its  corresponding 
(opposite)  log.  sine,  the  a.  c,  and  the  log.  distance  of  the  known 
side.  These  sums  are  readily  taken  without  copying  oflF  the 
figures,  and  they  are  written  at  once  in  the  log.  distance  column. 
The  original  observed,  but  uncorrected,  mean  angles  are  com- 
monly given  in  addition  to  the  corrected  angles,  but  these  have 
been  omitted  here  as  not  essential  to  explain  the  form.  In  the 
above  computation  it  so  happens  that  the  log.  side  CD  is  the 
same  in  each  case.  Had  they  differed,  as  in  the  previous  tabu- 
lation, the  mean  log.  would  be  used  as  the  log.  of  this  known 
side  for  the  next  set  of  triangles. 
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461.  Computing  the  Geodetic  Positions.  After  the  angles 
of  the  system  are  adjusted,  and  the  sides  of  the  triangles  com- 
puted, we  have  the  plane  angles  and  linear  distances  from  point 
to  point  in  the  system.  It  now  remains  to  compute  the  latitudes 
and  longitudes  of  the  several  stations,  and  the  azimuths  of  the 
lines. 

The  following  formulas,  though  not  exact,  are  quite  sufficient 
when  the  sides  of  the  triangles  do  not  exceed  ten  or  fifteen  miles 
in  length:  ^ 

Notation 

Let  L  =  latitude  of  the  known  point; 

L'  =  latitude  of  the  unknown  p)oint  =  L-hrfL; 
•  M==  longitude  of  the  known  pxjint; 

M'  =  longitude  of  the  unknown  point  =  A/-f-rfAf; 

Z==  azimuth  of  the  unknown  point  from  the  known, 
counting  from  the  south  pxjint  in  the  direction 
S.W.N.E.; 

Z'  =  azimuth  of  the  known  point  from  the  unknown,  or  the 
back  azimuth  =  Z-\-dZ-\- 180°; 

/C  =  length  in  metres  of  line  joining  the  two  points; 
e= eccentricity  of  the  earth^s  meridian  section; 

iV  =  length  of  the  normal,  or  radius  of  curvature  of  a  sec- 
tion perpendicular  to  the  meridian  of  the  middle 
latitude,  in  metres; 

i^= radius  of  curvature  of  the  meridian  in  metres. 

Then  we  have  in  terms  of  the  length  and  azimuth  of  a  given 
line,  in  seconds  of  arc,  when  the  distances  are  given  in  metres, 

L-  U^-dL  =^BK  cos  Zi-CK^sm^Z-{-Dh2; 
M-Ar=+dM^AK  sin  Z  sec  L;  .    .     (i) 

Z-fi8o°-Z'--rfZ  =  rfA/sin.Hi-f//).  | 

*  For  a  summarized  derivation  of  these  formulas  for  computing  the  L  Af  Z^s 
from  triangulation  data,  together  with  extended  ta'  Ics  of  factors  used,  sec  Report 
U.  S.  Coast  and  Geodetic  Survey,   1894,  Appendix  No.  9. 
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where  L  =L-{-dL; 

Z'  =  Z  +  rfZ  +  i8o^ 


D  = 


>li  = - •    B  = - • 

iV'arci"'  J^'arci"' 

V-  sin  L  cos  L  sin  i" 


C  = 


Lm  ^  mean  latitude 


tani' 
2^'iV'"arcl^' 


{i—e^  sin^  L) 

m 

and  A  =  value  of  first  term  in  right  member  =  5/C  cos  Z.     Careful 
attention  must  be  paid  to  the  signs  of  the  Z  functions. 


Table  XI 

OF  LM  Z  COEFFICIENTS 


Latitude. 

Log  i4  +  10. 

Log  H-f  10. 

Log  C-\- 10. 

Log/? +10. 

30° 

8.5093588 

8.5^5729 

I. 16692 

2.3298 

51 

3:s^2> 

5054 

.18416 

.3382 

32 

3^34 

4368 

.20108 

.3460 

i?> 

2901 

3669 

.21772 

.3532 

34 

2665 

2959 

.23409 

•3597 

35 

8.5092425 

8.5112239 

I . 25024 

2.3656 

36 

21S2 

1510 

.26617 

•3709 

37 

1936 

0772 

.28193 

-3756 

38 

1687 

8.5110027 

•20753 

.3797 

39 

1437 

8.5109275 

.31299 

•3833 

40 

8.5091184 

8.5108517 

1-32833 

2.3863 

41 

0930 

7755 

-34358 

.3888 

42 

0675 

6989 

-35875 

•3907 

43 

0419 

6220 

.37386 

.3921 

44 

8.5090162 

5449 

.38894 

.3930 

45 

8.5089904 

8.5104677 

I . 40400 

2.3933 

46 

9647 

3905 

.41906 

.3932 

47 

9390 

3134 

.43414 

•3924 

48 

9133 

2364 

.44926 

.3912 

49 

8878 

1598 

.46443 

.3894 

50 

8.5088623 

8.5100835  . 

1-4708 

2.3871 

Logarithmic  values  of  the  coefficients  A,  B^  C,  and  D  are 
given  in  the  above  table  for  each  degree  of  latitude  from  30° 

*  4  is  to  be  evaluated  for  L.     Log.  sin  i"  =  4.6855 749. 
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to  50°.  By  the  aid  of  this  table  the  LMZ^s  are  readily  found. 
These  tabular  values  are  computed  from  the  constants  of  Clarke's 
spheroid.     In  this  we  have 

Equatorial  semidiameter  =  6,378,206  metres 
Polar  semidiameter  =6,356,584      '* 

Whence  the  ratio  of  the  semidiameters  is   -  -  -r.      ' 

293.98 

Clarke's  value  of  the  metre  has  been  taken,  which  is 

'i  metre  =  39.37000  inches. 

The  difference  of  azimuth  of  the  two  ends  of  a  line  is  due 
to  the  convergence  of  the  meridians  passing  through  its  extrem- 
ities, this  convergence,  as  seen  from  the  last  of  Eqs.  (i),  being  equal 
to  the  difference  of  longitude  into  the  sine  of  the  mean  latitude. 

When  the  sides  of  a  system  of  triangulation  have  been  com- 
puted, and  the  azimuths  of  the  lines  are  desired  from  the  several 
stations,  the  successive  differences  of  latitude  and  longitude  are 
first  computed,  and  from  these  the  aizmuths  of  the  lines,  using 
Eqs.  (i).  If  the  longitude  is  unknown,  the  longitude  of  the 
first  station  may  be  assumed  without  affecting  the  accuracy  of 
the  computed  relative  positions.  The  last  of  Eqs.  (i)  gives  the 
difference  betewen  the  forward  and  back  azimuth  of  the  line 
joining  the  two  stations.  This  dfference  being  applied,  with  the 
proper  sign,  gives  the  azimuth  of  the  first  station  as  seen  from 
the  second.  But  when  the  azimuth  of  one  line  from  a  station 
is  known,  the  azimuths  of  all  other  lines  from  that  station  are 
found  from  the  adjusted  plane  angles  at  that  station,  provided 
the  spherical  excess  had  been  deducted  or  allowed  for,  in  the 
adjustment.  If  no  account  has  been  taken  of  spherical  excess, 
the  error  in  azimuth  accumulates  in  working  eastward  or  west- 
ward, and  soon  becomes  appreciable. 

For  any  other  station  the  azimuth  correction  is  again  found 
for  the  line  joining  this  station  with  a  station  where  azimuths 
have  been  computed,  which  when  applied  gives  the  azimuth  of 


GEODETIC  SURVEYING 


633 


this  line  as  taken  at  the  forward  station,  whence  the  azimuths 
of  all  the  lines  from  this  station  are  known,  and  so  on.  The 
following  examples  shbuld  make  the  methods  of  computing  clear: 

Example.  Given  the  L  and  M  of  Tomales  Bay,  and  Azimuth  Tomales  Bay- 
Bodega  to  compute  L  and  M  of  Bodega  and  the  back  azimuth  Bodega-Tomales 
Bay.     U.  S.  C.  and  G.  S.  Report,  1894. 


Z 
L 


Tomales  Bay  to  Sonoma. 
Bodega  to  Sonoma. 


244° 
«3° 


08' 
14 


3o".9 


34   .7 


z 

dZ 

Tomales  Bay  to  Bodega 

160° 

53' 
2 

56".  2 
01    .9 

Z' 

Bodega             to  "Tomales  Bay. .. 

iSo° 
340 

5'' 

54".3 

L 
dL 

U 


47". 982     Tomales  Bav.  .. 
28  .222     A'=  14,626.8  m.. . 

B(x1ega 


M 

122° 

56' 

dM 

4- 

3 

X2f 

00' 

47"-30^ 
16  .993 


04".  294 


\{L^U)  38°  14'  32 


// 


ist  term 
2d  and  3d  terms 

-dL 


-448.  "273 

-f      .OST 


K    J4. 165 1480 
cos  Z  19. 9754055 w 
B    8.5109892 


A'= 


^•i^^l 


sin^  Z\  9.0297 
C    1 1.3003 


h 


—  448   .222 


2.6515427W 


5-303 
D    I   2.380 


7.683 
.005 


K 

sin  Z 

A 


dM 


4. 165 1480 
9.5148602 
8-5091611 
0.10^2810 


2.2944503 
'   + 196^.993 


dM 


2.29445 


.vin  h{L-\-L')         9.79168 


-dZ 


Note.     Take  out  A  from  table  for  values  of  V . 
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462.  The  Inverse  Problem.^  The  above  formulas  can  also 
be  used  for  solving  the  inverse  problem,  viz.:  Given  the  latitude 
and  longitude  of  two  points,  to  find  their  "distance  and  mutual 
azimuths,  i.e.,  given  L,  My  L',  Af'  (or  Z,  Z',  dM)  to  find  K,  Z, 
and  Z'.    For  the  direct  solution  put 


(2) 


K  cos  Z==x^'--^[dL-\-C'y^+D(dLy  +  E{dL)y^  +  ECy^] 

3 

.     „  dM  cos  U 

K  sm  Z  =  v  = ; 

A 


tanZ=-    and    iC^=Jcsec  Z-^'vcosecZ. 

X 


Divide    {/iV/  =  A'sinZi4  sec  L'    by    the    first    term    for    dL, 
h  =  K  cos  Z  •  By  whence  we  get 


^       dM'B 

tan  Z  —  -        . 

A  sec  L'h 


This  would  give  the  azimuth  at  once  provided  we  knew  A, 
since  dM  is  known.  We  therefore  compute  the  smaller  terms 
for  the  differences  of  latitude  in  order  to  obtain  h  by  subtracting 
them  from  the  known  value  dL,  The  only  addition  to  the  usual 
form  is  the  term  log  tan  Z  =  log  ( A^  sin  Z)  -  log  (/C  cos  Z).  The 
value  of  K  will  best  be  taken  from  the  term  h  when  sin  Z  exceeds 
cos  Z  and  from  the  term  dM  when  the  reverse  is  true.  When 
K  is  large  additional  corrections  must  be  made.  The  following 
example  will  explain  the  method : 


*  Taken  from  Appendix  9,  Report  U.  S.  Coast  and  Geodetic  Survey  for  1894. 
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Problem.  Given  the  L  M  oi  Bodega  and  Tomales  Bay  and  azimuth  Tomales 
Bay-Bodega  to  compute  the  length  of  the  line  and  the  back  azimuth  Bodega- 
Tomales  Bay. 


Bodega 


to  Tomales  Bay 


56".  2 

01         .9 


54".  3 


L 
dL 


38^ 


+ 


10' 
7 


47".982 
28".  222 


L'     \     38^ 


18' 


Tomales  Bay '     M 


/C  =  14,626.8  m.. . 


dM 


i6".204     Bodega I     M' 


122° 

56' 

3 

47".3oi 
16  .993 

I230 

00' 

04".  294 

i(L-fL')  38*'  14'  32" 


I  St  term        1—448.273 
2dand3<herms  I  +        .051 


-dL    . 


—  448.222 


cos  Z  J 
B 


4- 1405535" 
8 . 5 109892 


2.65.i5427« 


A'  1 

sin'  Z  j 
C 

7.3600 
1.3003 

D 

8.6603 
0.046 

5-303 
23.80 


7.6831 

0.005, 


K        I 
sin  Z     j 
A 

J  f       ct)s  L 
\  At.  Conip. 


dAf 


3. 680008 2n 
8.5091611 

0.1052810 


2  2944503 


4-i96."993 


dXf 


sin  Lm^ 


dZ 


K  sin  Z 
2 . 29445     K  cos  Z 


9.79168 


2.08613 
+  I2i."g 


tan  Z 

Z 

sin  Z 
K 


3.6800082 
4-1405535^ 


9-5394547" 


r6o°53'56".2 
9.5148602 
4. 165 1480 


*  The  sec  L  can  be  ustxl  i ns: cad .       ' Lm ^\{L-\-L'), 
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CHAPTER  XV 1 
FIELD    ASTRONOMY 

463.  Fundamental  Concepts.  This  chapter  is  intended  to 
present,  as  succinctly  as  possible,  certain  astronomical  methods  of 
determining  azimuth,  latitude,  and  time,  with  surveying  instru- 
ments and  to  such  degree  of  precision  as  may  be  required  for 
ordinary  survey  purposes,  or  in  connection  with  a  secondary 
triangulation.  For  the  most  part  these  methods  are  adapted 
from  Comstock's  "  Field  Astronomy  for  Engineers,"  to  which 
reference  may  be  made  for  the  theory  upon  which  they  are  based. 
Their  application,  which  alone  is  contemplated  here,  requires  an 
understanding  of  certain  technical  terms,  some  of  which,  e.g., 
meridian,  horizon,  altitude,  azimuth,  etc.,  may  be  presumed 
familiar  to  the  reader,  while  to  others  his  attention  is  especially 
invited  as  follows: 

The  Celestial  Poles  are  the  parts  of  the  sky  toward  which  the 
earth's  rotation  axis  points.  The  north  celestial  pole  is  vertically 
above  the  north  terrestrial  pole,  etc. 

The  Celestial  Equator  is  a  great  circle  of  the  sky  midway 
between  the  poles.  Every  part  of  it  stands  vertically  over  some 
point  of  the  earth's  equator  and,  through  the  earth's  rotation 
upon  its  axis,  during  the  course  of  each  day  any  given  point  of 
the  celestial  equator  is  made  to  pass  over  every  point  of  the 
terrestrial  equator. 

An  Hour  Circle  is  a  great  circle  of  the  sky  passing  through  the 
poles.     Every  hour  circle  stands  vertically  above  some  meridian 


*  Prepared  l>y  Professor  Oeorge  C.  Comstock,  Director  of  Washbuni  Obser- 
vatory, University  of  Wisconsin. 
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of  the  earth  and,  by  means  of  the  earth's  rotation,  it  is  in  each 
twenty-four  hours  made  to  pass  over  each  and  every  terrestrial 
meridian. 

The  Celestial  Meridian.  That  hour  circle  that  at  any  moment 
stands  vertically  above  the  geographical  meridian  of  any  place 
upon  the  earth's  surface  is  called  the  celestial  meridian  of  that 
place.  It  is  a  great  circle  of  the  sky  passing  through  the  poles 
and  the  zenith.  The  axis  of  the  earth  and  the  direction  of  the 
vertical  both  lie  in  its  plane. 

The  Declination  of  any  celestial  body,  e.g.,  sun  or  star,  is 
the  angular  distance  of  its  centre  from  the  celestial  equator, 
counted  as  -4-  when  north  of  the  equator,  —  when  south  of  it. 
Compare  with  this  definition  the  similar  relation  of  altitudes  to 
the  horizon  and  latitudes  to  the  terrestrial  equator. 

The  Hour  Angle  of  any  celestial  body  is  the  angle  between  its 
hour  circle  and  the  celestial  meridian;  it  is  reckoned  from  the 
meridian,  positive  toward  the  west.  Compare  this  definition  with 
the  similar  relation  of  azimuth  to  the  meridian  or  of  longitude 
with  respect  to  its  assumed  prime  meridian. 

The  Right  Ascension  of  any  celestial  body  is  the  angle  between 
its  hour  circle  and  the  hour  circle  passing  through  an  arbitrarily 
assimied  origin  called  the  vernal  equinox.  Compare  with  terres- 
trial longitudes.  The  vernal  equinox  takes  the  place  of  the 
Greenwich  meridian  save  that  right  ascensions  are  reckoned  from 
the  equinox  along  the  equator  toward  the  east  until  the  star's 
hour  circle  is  reached,  while  longitudes  are  commonly  measured 
from  the  Greenwich  meridian  toward  the  west. 

The  declination  combined  with  either  right  ascension  or  hour 
angle  constitutes  a  pair  of  co-ordinates  which  fix  the  position  of  a 
star  with  respect  to  celestial  reference  points,  just  as  altitude  and 
azimuth  are  commonly  used  to  fix  its  position  relative  to  terres- 
trial reference  points.  Owing  to  the  rotation  of  the  earth  upon 
its  axis  the  altitude  and  azimuth  of  a  star  continually  change  in  a 
somewhat  complicated  manner,  and  the  values  which  they  have 
at  any  one  moment  become  something  else  at  the  next  moment. 
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The  hour  angle  of  a  star  also  changes  continuously  but  simply, 
having  a  uniform  increase  equal  to  the  earth's  rate  of  rotation, 
15°  per  hour.  Right  ascensions  and  declinations  of  stars  are 
unaffected  by  the  earth's  rotation;  they  remain  practically 
unchanged  from  day  to  day  and  may  therefore  be  printed  in  a 
table  for  permanent  reference,  although  they  are  subject  to  small 
variations  (in  the  case  of  the  sun,  large  variations)  which  must 
be  taken  into  account  when  precision  is  desired. 

These  several  co-ordinates,  together  with  sundry  other  useful 
quantities,  will  be  represented  hereafter  by  the  following  symbols 
which  may  profitably  be  committed  to  memory: 

Right  ascension,  «  (alpha)  Azimuth,  A 

Hour  angle,         /  Altitude,  h 

Declination,         d  (delta)  Mean  solar  time,  M 

Geographical  latitude,  <f)  (phi)  Sidereal  time,  0  (theta) 

Mean  Solar  Time  is  the  kind  of  time  kept  by  ordinary  clocks 
and  watches  and  is  defined  as  the  hour  angle  of  the  mean  sun, 
to  distinguish  it  from  true  solar  time,  which  is  the  hour  angle  oi  the 
real  sun.  In  consequence  of  the  earth's  orbital  motion,  the  real 
sun  appears  annually  to  make  a  complete  circuit  about  the  sky 
with  a  varying  speed  that  makes  it  impossible  for  a  well-made 
clock  to  keep  pace  with  it.  Astronomers  have  therefore  invented 
a  fictitious  body  called  the  mean  sun,  that  moves  around  the 
equator  with  uniform  speed,  completing  the  circuit  once  each 
year  and  keeping  always  as  nearly  abreast  of  the  real  sun  as  is 
consistent  with  uniform  motion.  The  angle  between  the  hour 
circles  of  the  real  sun  and  mean  sun  is  called  the  Equation  of 
Time,  and  its  value  from  day  to  day  is  given  in  the  almanac.  Use 
it  in  order  to  pass  from  one  kind  of  solar  time  to  the  other,  e.g., 
when  it  is  desired  to  find  mean  solar  time  from  an  observation 
of  the  real  sun.  , 

Sidereal  Time  is  the  hour  angle  of  the  vernal  equinox. 
When  the  equinox  is  **  on  the  meridian  "  of  any  observer,  i.e., 
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directly  above  it,  the  sidereal  time  is  o  hours;  when,  three  hours 
later,  the  hour  circle  of  the  equinox  makes  an  angle  of  45°  with 
the  same  meridian  the  sidereal  time  is  three  hours,  etc.  At  this 
moment  last  named,  every  star  whose  right  ascension  is  45°  (or 
three  hours  as  right  ascensions  are  commonly  reckoned)  will  be 
upon  the  meridian  above  named  and  we  may  establish  the  follow- 
ing two  equivalent  propositions: 

(a)  The  right  ascension  of  any  star  is  equal  to  the  sidereal 
time  at  which  it  crosses  the  meridian. 

(b)  The  sidereal  time  at  any  moment  is  equal  to  the  right 
ascension  of  any  star  that  is  then  on  the  meridian. 

464.  Relation  of  Sidereal  to  Mean  Solar  Time.  Sidereal 
time  gains  uniformly  upon  mean  solar  time  at  the  rate  of  one 
day  per  year  and  the  two  therefore  agree  only  once  in  each  year. 
If  we  represent  by  V  the  particular  instant  at  which  this  agree- 
ment occurs  we  shall  find  it  to  vary  considerably  in  different 
years  (on  account  of  the  leap  year  cycle,  etc.),  but  for  many 
years  to  come  it  will  be. given  with  approximate  accuracy  by  the 
formula 

L     N 

F=  March  22.229  H o'        ••••(!) 

4     128 

where  the  first  term  in  the  value  of  F  is  a  date  reckoned  in 
decimals  of  a  day  from  noon.  Central  Standard  Time,  i.e.,  time 
of  the  meridian  90°  west  of  Greenwich;  L  is  the  number  of  the 
given  year  in  the  leap-year  cycle,  and  N  is  the  number  of  the 
year  in  the  twentieth  century,  e.g.,  for  1908,  a  leap  year;  L==o, 
jV  =  8;  for  1909,  first  year  after  a  leap  year,  L=i,  N  =  g,  etc. 
At  the  date  V  we  have  ^  =  M,  and  at  any  other  date,  which  we 
represent  by  £>, 

0-M  =  a{D-V),       .....".     (2) 

where  D  must  be  expressed  in  days  and  decimals  of  a  day,  the  same 
as  Vy  and  the  coefficient  a,  which  is  the  daily  gain  of  sidereal 
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upon  mean  solar  time,  has  a  value  that  may  be  expressed  by 
any  one  of  the  following  relations: 

^  =  3°"  56'.555 
log  0=0.595783  (minutes) 

a  =  4(1 j  (minutes,  approximate). 

465.  Longitude  and  Time.  Since  time  is  always  measured 
by  some  hour  angle,  one  side  of  which  is  a  meridian,  it  follows 
that  the  hour  angle  and  resulting  time  will  depend  upon  the 
particular  meridian  chosen  for  this  purpose  and  will  be  greater 
the  farther  east  this  meridian  lies,  the  exact  amount  of  this  excess 
being  one  hour  for  each  15®  of  longitude.  In  comparing  different 
times,  they  must  first  be  reduced  to  a  common  meridian  by 
applying  a  longitude  correction  of  this  kind,  e.g.,  if  it  be  desired 
to  obtain  the  declination  of  the  sun  at  the  instant  of  its  transit 
over  one's  own  meridian,  using  for  this  purpose  an  almanac  con- 
structed for  the  Greenwich  meridian,  the  local  time  that  is  to  be 
used  in  the  interpolation  from  the  almanac  must  first  be  reduced 
to  Greenwich  time  by  adding  the  longitude,  expressed  in  hours, 
minutes,  and  seconds.  Note  in  this  connection  that  while  the 
civil  date  begins  at  midnight,  the  date  used  for  astronomical 
purposes,  begins  at  noon,  twelve  hours  later  than  the  civil  date, 
and  that  its  hours  are  numbered  o  to  24  instead  of  up  to  12  only. 
For  illustration,  let  it  be  required  to  find,  in  the  kind  of  time 
in  which  V  is  expressed,  the  equivalent  of  the  local  mean  solar 
time,  July  13,  9^  2^  30"  a.m.,  at  a  place  whose  longitude  is  100® 
10'  west  of  Greenwich.  Changing  to  astronomical  reckoning, 
we  have  in  place  of  the  above  date,  July  12,  21^  2™  30^.  To 
reduce  this  local  time  to  Central  Standard  Time  there  must  be 
added  the  difference  of  longitude  between  the  local  and  standard 
meridians,  viz. : 

100°  10'  — 90°  00'  =  10°  10' =0**  40°^  40*, 
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and  this  furnishes  us  the  required  standard  time,  July  12,  21** 
43™  10*. 

466,  Conversion  of  Time.  To  illustrate  the  use  of  Eqs.  (i) 
and  (2),  let  it  be  required  to  j&nd  the  local  sidereal  time  corre- 
sponding to  the  local  mean  solar  time  above  given,  viz.,  1910, 
July  13,  9**  2°*  3o«  A.M.  Corresponding  to  this  date  we  have, 
in  Eq.  (i),  L  =  2,  N=io  from  which  to  find  the  value  of  V,  and 
using  the  equivalent  time  above  found  for  the  given  date  and 
changing  the  hours,  minutes,  seconds  into  decimals  of  a  day  we 
obtain  the  required  value  of  D.  The  remainder  of  the  com- 
putation is  as  shown  below: 


D 

V 

D-V 

\og{D-V) 

log  a 

Sum 


July  12.905 
March  22.651 
112.254  (days) 
2.050202 

0-595783 
2.645985 


a{D-  V) 

d-M 

M 

e 


442.573  (minutes) 

yh      22"*     34" 

21  2       30 

4     25        4-       (after 
tracting  24**) 


sub- 


Where  a  nautical  almanac  is  available  its  data  and  methods 
may  be  used  to  solve  the  above  problem  somewhat  more  con- 
veniently and  accurately  than  is  possible  by  the  method  here 
employed.  See  page  559  of  the  American  Ephemeris  for  19 10, 
where  the  above  problem  is  solved  in  a  different  way  and  the 
sidereal  time  found  to  be  4*^  25™  3».6o.. 

467.  Finding  the  Stars.  The  sidereal  time  in  connection 
with  latitude  furnishes  a  key  to  the  aspect  of  the  sky.  At  any 
given  moment  all  stars  whose  right  ascensions  are  equal  to  the 
sidereal  time  will  then  stand  upon  the  celestial  meridian.  Stars 
of  greater  right  ascension  will  be  to  the  east  of  the  meridian  and 
stars  of  lesser  right  ascension  to  the  west.  A  star  whose  declina- 
tion is  equal  to  the  latitude  of  the  place  of  observation  will,  in 
crossing  the  meridian,  pass  through  the  zenith,  a  star  of  smaller 
declination  will  pass  south  of  the  zenith  (in  the  northern  hemi- 
sphere), a  star  of  declination  greater  than  the  latitude  will  pass 
north  of  the  zenith.    A  star  of  declination  equal  to  90^  would 
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not  move  at  all,  but  would  remain  permanently  fixed  on  the 
meridian  at  an  altitude  equal  to  the  latitude  of  the  place  of  observa- 
tion. While  no  bright  star  of  this  kind  exists,  the  pole  star, 
Polaris,  and  a  number  of  fainter  stars  have  declinations  so  neariy 
90°  that  they  continuously  circle  about  the  point  above  defined 
(the  celestial  north  pole)  without  ever  getting  far  from  it.  The 
observer  should  learn  to  know  Polaris  by  sight,  but  it  is  not 
necessary  thus  to  know  any  other  star,  since  for  the  purposes  of 
this  chapter  they  need  be  observed  only  when  on  or  near  the 
meridian,  and  may  then  be  found  with  an  engineers'  transit  as 
follows:  Place  the  instrument  "  in  the  meridian,''  i.e.,  with  the 
horizontal  axis  level  and  pointing  due  east  and  west.  Set  the 
telescope  to  the  altitude  the  star  will  have  when  on  the  meridian 
and  the  star  will  be  in  the  field  of  view  when  the  sidereal  time  is 
equal  to  its. right  ascension.  The  required  altitude  of  the  star 
and  the  sidereal  time  of  its  culmination  must  be  computed  in 
advance  from  one  of  the  following  formulas: 


When  star's  ^  is  less  than  0 h'=goP—<l>-^d  0  =  a 

When  star's  8  is  between  <j>  and  90°. .       /»  =  90°-|-^  — 5  d  =  a 

When  star  is  below  pole h=»—<p^-\-<j>-\-o      d—a-\-i^ 


(3) 


In  the  case  last  named  the  star  is  -said  to  be  at  lower  culmina- 
tion, i.e.,  in  the  act  of  crossing  that  part  of  the  meridian  that  lies 
between  the  pole  and  the  horizon,  and  the  sidereal  time  of  this 
culmination  is  twelve  hours  different  from  that  of  the  transit 
across  the  upper  half  of  the  meridian. 

Having  set  for. a  star  some  minutes  before  it  is  due  on  the 
meridian,  it  will  frequently  be  convenient  without  waiting  for  its 
arrival  to  turn  the  telescope  slowly  in  azimuth  toward  the  star, 
to  make  sure  that  it  is  at  hand,  and  this  should  be  done  to  find  any 
star  that  is  to  be  observed  a  little  way  off  the  meridian,  as  is 
frequently  convenient.  But  note  that  Polaris  cannot  in  general 
be  found  in  this  way.  Sight  over  the  telescope  at  it,  or  compute 
its  altitude  by  the  table  (page  671),  and  having  set  the  telescope 
to  this  altitude  sweep  slowly  for  it  in  azimuth. 
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Observations  of  stars  are  most  conveniently  made  in  the 
twilight  when  it  is  dark  enough  to  see  the  star  and  light  enough 
to  see  the  wires  of  the  instrument.  They  may,  however,  be 
equally  well  made  by  night  if  the  wires  are  illumined  by  a  light 
thrown  obliquely  down  the  telescope  tube.  Use  a  bull's-eye  or 
electric  hand  lamp  and  hold  it  as  nearly  on  line  with  the  star 
as  is  possible  without  obscuring  the  latter.  A  drop  of  wax  or 
candle  grease  placed  on  the  centre  of  the  object  glass  con- 
siderably improves  this  illumination  without  in  any  way  injuring 
the  performance  of  the  telescope.  Bright  stars  are  much  easier 
to  observe  than  faint  ones  and  the  brightness  of  each  star  given 
in  the  almanac,  or  in  the  tables  of  this  book,  is  indicated  by  a 
number  called  its  magnitude.  The  smaller  the  number,  the 
brighter  the  star,  and  in  using  an  engineer's  transit  or  similar 
instrument,  stars  whose  magnitudes  are  represented  by  a  number 
much  greater  than  4  should  be  avoided. 

468.  Tables.  Time  Stars.  It  is  shown  above  in  Eq.  (3)  that 
to  find  any  given  star,  its  co-ordinates  a,  ^,  must  be  given,  and 
there  must  also  be  known,  at  least  approximately,  the  observer's 
latitude,  <^,  and  the  sidereal  time,  0.  These  latter  quantities 
are  to  be  found  from  observations  made  at  the  place  in  question, 
but  the  co-ordinates  of  all  the  brighter  stars  are  given  in  the 
nautical  almanac  and  may  be  interpolated,  from  the  volume  for 
the  current  year,  for  the  particular  moment  at  which  their  values 
are  desired.  The  American  Ephemeris  and  Nautical  Almanac 
is  a  volume  of  some  700  pages  annually  issued  by  the  Navy  Depart- 
ment at  Washington  as  a  repository  for  astronomical  data  of  all 
kinds,  and  is  an  indispensable  reference  book  for  the  astronomer. 
Beginning  with  the  volume  for  19 12  there  are  given  for  the  use 
of  the  surveyor,  in  addition  to  the  data  hitherto  furnished,  exten- 
sive tables  for  use  in  determining  azimuth  and  latitude  from 
observations  of  Polaris,  which,  however,  like  most  other  tables 
of  the  Almanac,  are  good  only  for  the  current  year  and  must  be 
renewed  annually.  For  the  convenience  of  the  reader  who  may 
not  have  access  to  the  current  volume  of  the  Almanac  there  are 
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appended  to  this  chapter  certain  tables  of  a  more  permanent 
character  which  for  most  purposes  included  within  the  scope  of 
this  work,will  render  him  independent  of  the  Almanac,  in  case 
of  need,  while  prepared  to  use  its  advantages  when  they  are 
at  hand.  By  means  of  these  tables  azimuth,  latitude,  and  time 
may  be  determined  without  using  the  Almanac.  The  first  of 
these,!  Table  A,  contains  the  right  ascensions  and  declinations 
of  a  limited  number  of  southern  stars,  together  with  a  column 
showing  the  mean  solar  time  at  which  they  cross  the  meridian. 
All  of  these  quantities  change  from  year  to  year,  and  even  from  day 
to  day,  and  provision  is  therefore  made  for  adapting  the  tabular 
numbers  to  any  time  and  place  for  which  their  values  may  be 
required.  The  first  three  colunms  of  the  table,  containing  a 
reference  number,  prefixed  to  the  name  and  magnitude  of  the 
ctar,  seem  to  call  for  little  explanation.  The  fourth  column 
shows  for  each  star  its  right  ascension  on  that  day  of  the  year 
1 9 ID  which  is  printed  in  column  lo  under  the  heading,  Date. 
Column  5  contains  for  each  star  the  amount  by  which  its  right 
ascension  increases  in  a  hundred  years,  and  for  any  year  other 
than  1 910  the  right  ascension  may  be  found  by  taking  the  variation 
in  direct  proportion  to  the  number  of  years  elapsed  since  19 10, 
e.g.,  for  Star  No.  i  the  right  ascension  on  Nov.  30,  1920,  will  be 


a=o"  39°*  S^H 30i»  =  o**  39">  38*. 

100 


While  the  right  ascension  thus  found  relates  only  to  the  date  given 
in  column  10,  its  variation  is  so  slow  that  without  introducing 
error  greater  than  i",  it  may  be  used  in  connection  with  any 
observation  made  within  three  months  preceding  or  two  months 
following  that  date.  This  is  about  the  limit  of  accuracy  of  the 
numbers  themselves,  since  the  progressive  increase  of  the  right 


*  See  Comstock's  "  Field  Astronom;-,"  Art.  87. 
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ascensions  with  the  lapse  of  time  is  not  strictly  uniform,  as  was 
assumed  in  the  above  example,  but  is  subject  to  an  oscillatory 
change  that  will  make  all  of  the  right  ascensions  about  one  second 
less  than  their  computed  values  in  the  years  1909,  1927,  and  one 
second  greater  than  the  computed  values  in  19 18  and  1937,  etc.  Col- 
lunns  6  and  7  give  the  declinations  of  the  stars  and  their  centennial 
variations  in  form  entirely  comparable  with  the  right  ascensions, 
but  it  should  be  noted  that  the  variations  marked  +  imply  that 
the  star  is  moving  north  and  therefore  is  numerically  diminishing 
a  negative  declination.  The  corrections  are  to  be  added  alge- 
braically. 

Coliunn  8  shows  the  local  mean  solar  time  at  which,  under 
certain  standard  conditions,  the  star  crosses  the  meridian  on  the 
date  given  in  colimm  10.  These  limiting  conditions  may  be 
removed  and  the  values  made  universally  applicable  by  adding 
to  the  tabular  nmnber  a  correction  interpolated  from  Table  B 
with  the  longitude  as  argument.  The  numbers  contained  in 
Table  B  are  accurate  to  the  nearest  second  although  expresied 
only  in  integral  minutes.  They  may  be  interpolated  to  fractions 
of  a  minute  as  may  also  the  numbers  oo,  fto  of  Table  P.  These 
corrections  are  alwajrs  to  be  added  to  Table  A.  On  the  average, 
a  star  comes  to  the  meridian  each  night  3™  55  ".91  earlier  than 
on  the  preceding  night  and  having  found  the  mean  solar  time 
of  the  star's  transit  on  the  date  given  in  column  10,  we  may 
find  it  for  any  other  date  by  applying  the  proper  multiple  of  this 
period  as  a  correction.  These  multiples  are  very  easily  formed 
when  the  daily  gain  is  assumed  equal  to  4°^4^,  which  is 
sufl&ciently  exact  for  most  purposes. 

For  example,  we  may  find  the  mean  time  of  transit  of  Star 
No.  I  over  the  meridian  45°  west  of  Greenwich  on  Dec.  25,  1910, 
as  follows: 

From  column  8. 

From. Table  B. 

For  Nov.  29. 

December  25 -November  29"- 26  days. 

For  December  25.  ^ 


M.T. 

f^ 

4™.o 

Correction 

+  3.5 

CorrM.  M.T. 

8»» 

7".5 

26(4'»-4») 

i»» 

42™.3. 

Local  M.  T. 

6»» 

250».2. 
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Like  the  right  ascensions,  the  numbers  M.T.  of  Table  A 
increase  slowly  with  the  lapse  of  time  and  their  values  for  years 
subsequent  to  1910  should  be  found  by  allowing  for  the  cen- 
tennial variation  given  in  column  9,  and  expressed  in  minutes  of 
time  in  order  to  adapt  it  to  the  unit  used  in  column  8. 

469.  Tables — Polaris  Orientation.^  All  the  stars  of  Table  A 
are  near  the  equator,  cross  the  meridian  south  of  the  zenith, 
and  as  they  move  rapidly  are  well  adapted  for  use  in  determining 
time  by  comparing  the  tabular  a,  or  M.T.,  with  the  time  shown 
by  some  watch  or  clock  at  the  instant  of  the  star's  transit  across 
the  meridian.  For  the  determination  of  azimuth,  the  slower- 
moving  stars  near  the  pole,  especially  Polaris,  are  more  advan- 
tageous, and  Tables  C,  D,  E,  P,  page  671,  are  designed  to 
facilitate  observations  of  this  star.  It  has  above  been  pointed 
out  that  if  Polaris  were  exactly  at  the  pole  it  would  serve  as  a  per- 
manent meridian  mark  which  liaight  also  be  used  for  determina- 
tions of  latitude  by  measuring  its  altitude  above  the  horizon. 
While  the  actual  case  is  not  quite  so  simple  as  the  one  thus  sug- 
gested, since  Polaris  is  in  fact  more  than  a  degree  distant  from  the 
pole  and  ceaselessly  changes  both  its  direction  and  distance  from 
the  latter,  the  star  may  be  made  to  furnish  both  azimuth  and  lati- 
tude by  applying  to  the  observations  certain  corrections  whose 
nature  is  shown  in  Fig.  240.  Here  P  is  the  pole,  about  which  the 
star  S  daily  revolves  in  a  circular  orbit,  its  position  at  any  moment 
being  determined  by  the  hour  angle  /,  which  is  reckoned  from  the 
top  of  the  orbit  toward  the  west.  N  is  the  north  point  of  the 
horizon  and  A  is  the  foot  of  the  vertical  circle  passing  through 
the  star.  The  arcs  AN  and  PB,  which  we  represent  by  oo  and  bo 
respectively,  represent  the  difference  of  azimuth  and  altitude 
between  Polaris  and  the  pole  and,  corresponding  to  certain  stand- 
ard conditions,  the  values  of  oo  and  60  are  shoWn  in  Table  P  with 
the  hour  angle  /  as  argument.     This  argument  runs  through  its 


'  See   (!omsUH  k's  "  Fit-Id   Astronomy,"  Arts.    ^2,   3^?,    for    a    more    complete 
cx{K)sition  of  the  method. 
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entire  set  of  values  every  twenty-four  hours  and  therefore  depends 
upon  the  time  of  day  as  well  as  upon  the  day  and  year  for  which 
oo  and  ho  are  required,  but  its  value  at  any  moment  is  readily 
obtained  through  the  formula, 


/  =  M-f-i>+F, 


(4) 


A  N 

Fig.  240. — ^Polaris  Orientation. 


where  M  denotes  the  given  local  mean  solar  time;  D  is  given  in 
Table  D,  from  which  it  is  to  be  interpolated  for  the  given  date, 
taken  to  the  nearest  tenth  of  a  day  and  expressed  in  Central 
Standard  Time;  and  Y  is  to  be  taken  from  Table  C  for  the  given 
year,   without  interpolation.     To  facilitate  the  interpolation  of 
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D  a  table  of  proportional  parts  is  given  in  the  margin  of  the 
page;  use  as  the  argument  of  this  table  the  given  days,  and  frac- 
tion of  a  day,  of  the  month. 

The  tabular  values  of  oo  and  Jo,  corresponding  to  the  argu- 
ment /,  thus  found,  pertain  to  certain  standard  conditions  of  time 
and  place  not  usually  realized  in  practice,  and  they  must  be 
adapted  to  the  actual  conditions  by  multiplying  them  by  the 
factors  -Fi  and  F  respectively.  The  latter  of  these  factors  is 
given  in  Tables  C  and  D, 

F^F'-hF\ 

and  the  former  must  be  computed  from  the  relation. 


Fi  =  0.761 2F  sec  h, 


log  0.7612  =  9.8815, 


where  h  denotes  the  star's  altitude.  Since  A  never  differs  much 
more  than  a  degree  from  the  observer's  latitude,  it  is  feasible  and 
convenient  to  prepare  such  a  table  as  the  following,  in  which  are 
entered  all  the  auxiliary  quantities  required  in  Table  P  for  the 
year  1910  and  in  latitude  43°.  Such  a  table  when  once  con- 
structed will  serve  for  several  weeks  or  even  for  an  entire  year 
without  change,  and  a  blank  form  of  this  kind,  to  be  filled  in 
pencil  by  the  reader  for  use  in  his  own  latitude  is  printed  at  the 
foot  of  Table  P. 


SAMPLE   LOCAL  ORIENTATION  TABLE 


Year. 

1910  (July). 

r 

-I-II™ 

F 

1.007 

R 

l' 

_ 

42^ 

43 
44 


;     ^^ 

1. 031 
1.048 
1.066 

1 

Having  found  /  by  means  of  Eq.  (4),  we  may  now  find  the 
true  altitude,  and  azimuth  of  Polaris  by  the  formulas, 


/» =  <^  +  Fi„, 
/l  =  i8o°+i5',aoJ 


(5) 
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The  apparent  altitude  of  Polaris,  A',  will  be  slightly  greater  than 
the  true  altitude  on  account  of  a  number  of  minor  causes,  among 
which  the  atmospheric  refraction  holds  the  chief  place.  Their 
combined  effect  is  shown  in  Table  E,  under  the  heading  if,  and 
the  vahie  of  this  correction,  corresponding  to  an  altitude  of  43°, 
is  entered  in  the  little  table  given  above.  It  is  to  be  used  only 
in  determining  the  latitude  from  an  observed  altitude  of  Polaris. 

A  determination  of  any  one  of  the  three  quantities,  azimuth, 
latitude,  or  time  is  very  greatly  facilitated  by  a  knowledge  of 
the  other  two]  and  in  general  at  least  an  approximate  knowledge 
of  all  three  should  be  acquired  before  seeking  to  make  an  accurate 
determination  of  any  one  of  them.  When  all  three  are  unknown 
a  beginning  of  this  determination  may  conveniently  be  made  as 
follows: 

470.  Azimuth,  Time,  Latitude,  Polaris  Orientation 
Method.^  When  a  precision  no  greater  than  a  major  fraction  of 
a  minute  of  arc  is  required  the  quickest  and  simplest  method  of 
determining  azimuth,  time,  and  latitude  is  furnished  by  the  tables, 
page  671.  It  is  presumed  that  an  engineer's  transit,  or  an 
equivalent  instrument,  is  available  and  that  the  observer  is 
provided  with  a  watch  which  he  should  set,  as  nearly  as  may 
be,  to  local  mean  solar  time,  although  even  a  considerable  error 
in  this  time  (half  an  hour)  will  be  of  little  consequence.  Select 
in  advance  some  hour  and  minute  at  which  it  will  be  convenient 
to  make  the  observations  and  prior  to  that  time  compute  from 
the  tables  the  azimuth  that  Polaris  will  have  at  the  chosen  minute. 
The  altitude  A,  required  for  this  purpose,  may  itself  be  computed 
from  the  tables,  if  the  latitude  is  approximately  known,  or  it 
may  be  derived  from  a  vertical  circle  reading  taken  upon  Polaris 
five  or  ten  minutes  before  the  chosen  moment  of  observation. 
Set  the  horizontal  circle  to  read  the  computed  azimuth  of  the 
star  and  at  the  moment  for  which  the  computation  was  made 

*  See  Comstock's  "  Field  Astronomy,"  Arts.  32,  ^^. 
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bring  the  star  behind  the  intersection  of  the  cross  wires  without 
changing  the  reading  of  the  horizontal  circle,  i.e.,  use  the  lower 
motion.  The  instrument  is  now  said  to  be  oriented,  i.e.,  its 
verniers  read  true  azimuths,  and,  turning  on  the  upper  motion, 
if  the  line  of  sight  be  directed  at  any  object  whatever  the  azimuth 
of  the  object  will  be  given  by  the  corresponding  reading  of  the 
horizontal  circle.  Mark  the  position  of  the  instrument  and  take 
a  reading  to  some  fixed  object  in  order  to  secure  a  permanent 
azimuth  line. 

If  the  vertical  circle  be  read  before  the  telescope  is  turned 
from  Polaris,  the  resulting  altitude  A',  if  free  from  instrumental 
error,  will  furnish  the  latitude  through  the  formula, 

<i>^h'-{Fh^R), (7) 

where  Fbo  and  R  have  the  values  explained  in  the  preceding 
article. 

Instrumental  error  may  be  eliminated  by  making  a  second 
entirely  similar  observation  in  the  reversed  position  of  the  instru- 
ment, but  any  error  in  the  watch  will  not  be  thus  eliminated,  and 
unless  the  watch  is  known  to  be  correct  within  a  minute  or  two, 
in  relation  to  local  time,  it  will  be  necessary  to  determine  and 
allow  for  the  amount  of  its  error.  This  may  be  done  by  observing 
one  of  the  stars  of  Table  A,  or  a  similar  star  selected  from  the 
almanac,  as  follows:  Turn  the  instrument  in  azimuth  (do  not 
transit  the  telescope  about  the  horizontal  axis)  until  the  hori- 
zontal circle  reads  o°;  the  line  of  sight  will  then  be  in  the  meridian 
and  the  star  in  question  may  be  found  by  the  methods  set  forth 
on  p.  643.  Observe  by  the  watch  the  time,  which  we  shall 
designate  by  J",  at  which  this  star  in  its  diurnal  motion  crosses 
the  line  of  sight  of  the  telescope,  and  we  shall  then  have  JT,  the 
correction  required  by  the  watch,  given  through  the  relation, 

•jr  =  M.T.-r, (8) 

where  M.T.,  given  by  Table  A,  or  computed  from  the  almanac,  is 
the  mean  time  of  the  star's  transit  over  the  meridian.     li  JT 
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proves  to  be  of  sensible  amount  it  should  be  applied  as  a  cor- 
rection to  the  time  of  observation  of  Polaris  and  the  azimuth 
and  latitude  recomputed  with  the  corrected  time.  In  all  strict- 
ness any  change  thus  introduced  into  the  azimuth  should  require 
a  correction  to  JT  itself,  since  a  false  orientation  would  result 
in  the  observation  being  made  at  one  side  of  the  meridian  instead 
of  upon  it;  but  this  error  can  usually  be  overlooked  unless  the 
error  of  the  watch  is  of  abnormal  magnitude. 

The  value  ol  AT  found  above  is  the  correction  required  to 
reduce  the  watch  time  to  local  mean  solar  time.  The  correction 
required  to  reduce  it  to  local  sidereal  time  may  also  be  obtained 
through  the  formula, 

j'r=«-r, (9) 

where  a  is  the  star's  right  ascension  and  the  accent  denotes  that 
JT  refers  now  to  sidereal  time. 

The  application  of  this  method  is  shown  in  the  following 
record  and  reduction  of  a  time,  latitude,  and  azimuth  determina- 
tion  for  which  the  observer  selected  10  p.m.  of  the  given  date, 
July  24,  1910,  as  a  convenient  hour  for  observation.  In  th6 
preliminary  computations  the  latitude  is  assumed  to  be  about 
43°  and  the  longitude  about  90°  west  of  Greenwich. 


PRFXIMINARY  COMPUTATIONS  FOR  POLARIS  ORIENTATrON 


Time  star 

No.  20,  Tj  Serp. 

h 

-24' 

M.  T.,  Aug.  24,  1910 

8»»  6'n.8 

F 

1.007 

31  (4»»'-4") 

2     I   .9 

Fho 

-24 

M.  T.,  July  24 

10    8   .7 

<t> 

43     0 

d 

-  20  55' 

h 

42  36 

90°- <^ 

47      0 

flo    - 

+  86.7 

h 

44      5 

Fv 

1. 041 

Azimuth  star 

Polaris 

\              ^1^9 

+  90.3 

Assumed  A/ 

loh     o™ 

^           A 

181^30. '3 

D 

6     29 

Y 

II 

I 

16     40 
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FIELD  NOTES   OF   ORIENTATION   OBSERVATION 

July  24,  1 910.     At  Station  K. 


Object. 

Watch.  T. 

Horizontal  Circle. 

Vertical  Circle. 

Polaris 

loh  7     7 

181°  30'  20" 
000 

I      7    30 

42**  41' 
44       I 

fi  Sen) 

Mark 

The  instrument  having  been  oriented  upon  Polaris,  as  set  forth 
above,  the  record  gives  immediately  as  the  azimuth  of  the  mark, 
1°  7'  30".  The  correction  of  the  watch,  referred  to  local  mean 
solar  time,  is  the  computed  M.T.,  minus  the  observed  time, 

jr=io*»8".7-io*>  7™. i  =  +i™.6, 

and  sincp  at  the  time  of  this  observation  Polaris  was  increasing 
its  azimuth  only  7'  per  hour,  the  effect  of  this  error  in  the  watch 
may  be  ignored,  or  the  azimuth  of  the  mark  may  be  summarily 
increased  by  an  amount,  Xy  taken  proportional  to  the  error  of 
the  watch  and  the  rate  of  change  of  the  star's  azimuth. 


x:f:  :i"».6:6o™. 


x=  +o'.2. 


Similarly,  we  find  for  the  correction  of  the  watch  referred  to 
sidereal  time,  a  —  T, 

J'T=  i8*»  16"^  42»-  io*»  7™  7«=  +S^  9™  35». 

For  the  latitude  we  find  from  the  observed  altitude  of  Polaris, 


k 

42°  41' 

Fb, 

-24 

R 

+   I 

.  * 

43       4 

By  the  methods  above  employed  all  of  the  quantities,  azimuth, 
latitude,  time,  should  be  determined  well  within  one  minute  of  arc. 
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471.  Latitude  by  Circum-Meridian  Altitudes  of  the  Sun. 

When  the  position  of  the  meridian  is  approximately  known,  e.g., 
through  such  a  determination  as  that  of  the  preceding  article, 
or  even  by  a  compass  bearing,  with  the  magnetic  declination  taken 
into  account,  the  following  method  may  be  used  for  a  daylight 
determination  of  latitude: 

When  the  sun  bears  1°  east  of  the  meridian  observe  the 
altitude  of  its  upper  edge.  Reverse  and  relevel  the  instrument  and 
when  the  sun  bears  1°  west  of  the  meridian  observe  the  altitude 
of  its  lower  edge.  Calling  the  mean  of  these  altitudes  A,  and  the 
declination  of  the  sun  as  interpolated  from  the  almanac,  5,  the 
latitude  will  be  given  by  the  relation, 

where  C  is  to  be  interpolated,  with  the  observed  altitude  as 
argument,  from  the  following  table: 

CIRCUM-MERIDIAN  ALTITUDES   OF  SUN 


h 

C 

h 

C       ' 

10° 

90°  5'.5 

50° 

90°  o'.4 

20 

90   2  .4 

60 

90   0.2 

30 

90  I  .7 

7c 

90   0.1 

40 

90  0  .7 

80 

90   O.I 

The  tabular  number,  C,  includes  the  effect  of  atmospheric 
refraction,  parallax,  and  the  sun*s  deviation  from  the  meridian. 
While  intended  primarily  for  observations  of  the  sun  the  table 
may  equally  well  be  used  for  the  reduction  of  similar  observations 
of  a  star,  provided  the  numbers  C  for  all  values  of  h  less  than 
70^  are  diminished  by  o'.i.  An  illustration  of  its  application  is 
shown  in  the  reduction  of  the  following  observations: 
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FIELD    NOTES.     CIRCUM-MERIDIAN 

March  25,  19 10 

r   ALTITUDES 

OF    SUN 

Sun's  Azimuth. 

Circle. 

Vernier  A . 

Vernier  B. 

Altitude  Level. 

359° 
I 

Left 
Right 

48°   23'   15" 

48     52       0 

48°   22'  30'' 
48     49      0 

8.5          7.6 
7.0          9.0 

The  readings  of  the  altitude  level  show  that  in  the  mean  the 
error  of  level  was  insignificant,  and  the  other  instrumental  errors 
are  mainly  eliminated  by  the  reversal.  We  have  the  following 
reduction,  in  which  the  observer's  longitude  was  assumed  to  be 
90°  west  of  Greenwich,  in  interpolating  the  sun's  declination: 


c 

90°     o',4 

d 

+  1     40  .6 

C-\-8 

91     41  .0 

h 

48    36.7 

0 

43       4  .3 

The  instrument  employed  in  the  above  observation  was  a  good 
engineer's  transit  with  vertical  circle  reading  to  30",  the  sun's 
azimuths  were  determined  with  a  compass  and  the  observations 
were  made  by  projecting  the  images  of  sun  and  wires  upon  a  piece 
of  cardboard  held  back  of  the  eye-piece.  The  true  latitude  is 
known  to  have  been  43**  4'  37"  (see  Art.  474)  and  the  difference 
between  this  number  and  that  found  above  is  fairly  typical  of 
what  may  be  expected  from  the  method. 

472.  Azimuth  by  Elongation  of  a  Circum-Polar  Star.^ 
A  star  is  said  to  be  at  elongation  when,  having  moved  to  the  east 
or  west  as  far  as  its  circular  path  about  the  pole  will  permit,  it 
pauses  for  a  moment  before  starting  to  return  to  the  meridian. 
Its  azimuth  when  at  elongation,  A^,  is  given  by  the  very  simple 
formula, 

sin  i4|5;=cos  ^  sec  ^ (10) 


*  Sec  Comstock's  "FieH  Astronomy,"  Art.  37. 
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The  declination,  <J,  must  be  obtained  from  the  almanac,  and  if 
the  latitude,  0,  is  fairly  well  known,  e.g.,  to  the  nearest  minute, 
observations  of  such  a  star  at  elongation  may  be  made  to  give  a 
much  more  precise  determination  of  azimuth  than  can  be  obtained 
through  the  orientation  tables.  To  this  end  let  the  horizontal 
angle  between  the  star  and  the  mark  whose  azimuth  is  desired  be 
measured  at  least  once,  and  preferably  several  times,  in  each 
position  of  the  instrument,  e.g.,  use  the  method  of  repetitions 
and  observe,  to  the  nearest  minute,  the  time  at  which  each  point- 
ing to  the  star  is  made.  If  all  these  pointings  be  assumed  as  made 
exactly  at  the  moment  of  elongation,  the  azimuth  of  the  mark, 
A^y  becomes 

A^^Ae^-H, (ii) 

where  JJ  denotes  the  mean  value  of  the  measured  angle  between 
mark  and  star,  considered  positive  when  the  mark  is  east  and 
negative  "when  it  is  west  of  the  star.  The  beginner  is  recom- 
mended to  confine  his  observations  of  this  kind  to  Polaris  and 
to  determine  the  time  of  its  elongation,  £,  from  the  following 
formula  and  tables  in  which  Y  and  D  are  to  be  obtained  from 
Tables  C  and  D,  p.  671,  and  M\  is  to  be  taken  from  the  follow- 
ing special  table,  with  the  observer's  latitude  as  argument: 


LOCAL  MEAN  TIMES   OF  ELONGATIONS   OF  POLARIS 


4> 

Mx. 

West 
Elongation. 

East 
Elongation. 

0° 
20 
40 
60 

5h     Qin 

5  58 
5  56 

5  5a 

l8h  O^ 
18     2 
18     4 
18    8 

£=Mi-(Z)+F). 


(12) 
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A  part  of  the  accuracy  contained  in  the  observations  is  lost, 
through  the  assumption  above  made,  that  they  may  be  treated 
as  if  the  star  were  at  elongation  at  the  time  of  each  pointing.  It 
is  at  elongation  for  a  moment  only,  and  before  and  after  that 
moment  it  is  nearer  to  the  meridian  than  the  computed  azimuth 
at  elongation.  It  is  to  take  into  account  this  changing  position 
of  the  star  that  the  times  of  observation  are  to  be  recorded  and  if 
we  represent  each  such  time  by  the  symbol  T  and  represent  by  n 
the  total  number  of  pointings  made,  it  may  be  shown  that  the 
star's  motion  before  and  after  elongation  is  very  approximately 
taken  into  account  by  adding  to  the  declination,  as  interpolated 
from  the  almanac,  a  correction  given  in  seconds  of  arc  by  the 
formula, 


Jd 


»-+^-.r-^= (.3) 

n     \    ID   / 

where  the  symbol  2  represents  the  sum  of  the  several  quadratic 
terms  formed  by  subtracting  from  each  observed  T  the  com- 
puted time  of  elongation,  E,  and  squaring  one- tenth  of  the  result- 
ing difference,  expressed  in  minutes. 

We  illustrate  the  abo\'e  formulas  by  applying  them  to  an 
observation  of  Polaris  near  eastern  elongation  made  on  July  23, 
1910,  at  a  place  whose  latitude  is  assumed  to  be  42°  30'.  The 
observation  comprised  six  pointings  on  both  mark  and  star,  the 
observed  times  of  the  latter  pointings  being  as  shown  below. 
We  proceed  to  find  first  the  time  of  elongation,  as  follows: 


D 

6h  26m 

V 

II 

M, 

18       4 

D+Y 

6    37 

E 

II     27 

A  preliminary  examination  having  shown  that  the  elongation 
came  near  midnight  the  value  of  D  is  interpolated  for  the  date 
July  23.5.     The  declination  of  Polaris  as  interpolated  from  the 
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almanac  is  ^  =  88*^49'  2i".4,  to  which  we  have  to  apply  a  cor- 
rection, Jd,  computed  from  the  observed  times  as  follows; 

^    10    '^ 

0.5 
0.0 

0.2 

i.o    Jd=i"y^sz-z"'S 

1.4 

2.2 

5.3 

Applying  the  correction  thus  determined  we  find  a  declination 
of  88°  49'  24". 9,  which  corresponds  to  a  fictitious  star  that  at 
elongation  has  an  azimuth  equal  to  the  mean  of  the  azimuths  of 
Polaris  at  the  several  times  of  observation.  With  this  declination 
and  the  mean  value  of  the  measured  angle  Eqs.  (10)  and  (11) 
furnish  the  azimuth  of  the  mark  as  follows: 


bser 

vcd  r. 

T-E 

10 

IjH 

20™ 

0^.7 

25 

0    .2 

31 

0    .4 

37 

I    .0 

39 

I    .2 

42 

I     5 

d 

88°  49'  24".9 

cos^ 

8.31241 

sec  <f> 

0.13237 

sin  Ae 

8.44478 

Ae 

181**  35'  45" 

H 

—  6    26    19' 

Am 

175      9    26 

The  precision  attainable  by  the  above  method  depends  very 
largely  upon  the  care  with  which  the  errors  of  level  are  eliminated. 
On  reversing,  relevel  and  bring  the  azimuth  bubble  back  to  the 
same  position  in  the  tube  that  it  occupied  in  the  first  half  of  the 
series.  If  this  is  carefully  done  an  azimuth  may  be  thus  deter- 
mined with  an  engineer's  transit  within  a  few  seconds  of  arc. 

If  an  almanac  is  not  at  hand  the  declination  of  Polaris  may 
be  fovmd  within  2"  or  3"  by  the  formula, 

a  =  90°-42o8"(F'+F')» (14) 

where  F'  and  i^"  are  to  be  taken  from  the  Tables  C  and  D,  p. 
671. 
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473.  The   Two-Star  Method— Time    and  Azimuth.^    A 

serious  disadvantage  of  the  Polaris  elongation  method  of  deter- 
mining azimuth  is  the  inconvenient  hour  at  which  the  observa- 
tions must  frequently  be  made,  e.g.,  3  a.m.  in  the  month  of  June. 
By  use  of  the  following  method  this  inconvenience  may  be  avoided 
at  the  expense  of  a  little  additional  computing  and  results  in  no 
way  inferior  to  those  found  at  elongation  may  be  obtained  at 
any  convenient  hour. 

Measure  the  horizontal  angle  between  Polaris  and  the  mark 
whose  azimuth  is  required,  exactly  as  in  the  case  of  elongation 
observations,  save  that  the  time  of  each  pointing  should  be 
observed  to  the  nearest  second  and  that  the  altitude  of  the  star 
must  also  be  measured  with  at  least  approximate  accuracy,  i.e., 
to  the  nearest  minute  or  two  of  arc.  Similarly  measure  the 
horizontal  angle  between  the  mark  and  a  southern  star,  e.g.,  one 
of  those  contained  in  Table  A,  noting  the  times  as  accurately  as 
possible  and  measuring  the  altitude  exactly  as  in  the  case  of 
Polaris.  For  both  stars  eliminate  the  level  error  by  the  procedure 
indicated  in  the  preceding  article.  Let  if  1  represent  the  mean 
of  the  measured  angles  between  Polaris  and  the  mark  and  H2 
the  mean  of  the  angles  between  the  southern  star  and  the  mark. 
Similarly,  let  Ti,  T2, 'Ai,  A2  represent  the  mean  of  the  observed 
times  and  altitudes  of  the  two  stars  respectively.  If  the  observed 
times  T  were  true  sidereal  times,  or  could  be  turned  into  true 
sidereal  times  by  adding  to  them  the  known  correction  of  the 
watch,  i'r,we  might  compute  an  azimuth  of  the  mark.  Ay  from 
the  observation  of  either  star,  since  the  altitude  and  sidereal 
time  fully  determine  the  stars'  azimuth,  and  each  star  should 
give  the  same  result  for  A.  If  the  assumed  JT  is  appreciably 
wrong,  the  stars  will  give  different  results  for  the  azimuth  of 
the  mark  and  a  new  value  of  JT  must  be  found  that  will  reconcile 
these  discordant  azimuths.  Let  us  represent  by  U  the  best 
preliminary  estimate  that  can  be  made  with  respect  to  the  cor- 

*  See  Comstock's  "  Field  Astronomy,"  Art.  38. 
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rection  required  to  eliminate  the  error  of  the  watch  on  sidereal 
time,  e.g.,  such  a  value  of  JT  as  might  be  obtained  through 
the  orientation  method  and  Eq.  (9),  and  let  x  be  the  unknown 
correction  that  added  to  U  will  give  the  true  JT;  we  proceed 
to  find  X  and  the  true  azimuth  of  the  mark,  i4jf,  as  follows: 
From  the  observation  of  each  star  compute  an  azimuth  of  the 
mark,  -4,  and  a  coefficient,  C,  showing  how  much  this  com- 
puted azimuth  is  vitiated  by  the  error  x\  using  the  following 
formulas  that  apply  equally  to  each  star: 


sin  ^:)j  =  cos  d  sec  h  sin  /, 
C=G  cos  0  sec  h  cos  /, 


'     •     •     (15) 


The  horizontal  angle,  i/,  between  mark  and  star  is  to  becon- 
sidered  essentially  negative  whenever  the  mark  is  west  of  the 
star.  The  logarithm  of  the  factor  G  that  occurs  in  the  third 
equation  may  be  taken  from  the  following  table,  whose  argument 
is  the  computed  azimuth  of  the  star,  A^,  Observe  that  the  sigp 
of  G  is  always  minus  for  a  southern  star  and  plus  for  a  northern 
star. 

THE  G  FACTOR,  TWO-STAR  METHOD 


A^ 

log  (7 

A* 

360° 

qO 

-1.1761  + 

i8o<> 

180° 

359 

I 

.1762 

179 

181 

358 

2 

.1764 

178 

182 

357 

3 

.1767 

177 

183 

356 

4 

-1. 1772  + 

176 

184 

The  computation  made  by  Eq.  (15)  gives  for  the  northern  star 
and  southern  star  respectively  the  equations. 


Ai=^Aji^-\-Cix, 

A2  =  Aj^-\-C2Xj 


(16) 
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i.e.,  the  computed  azimuth  of  the  mark  is  equal  to  its  true 
azimuth  plus  the  effect  of  the  unknown  Xy  and  these  equations 
may  be  solved  to  determine  Aj^  and  x.  The  coefficient  G  has 
been  so  chosen  that  if  Ai,  A2,  be  expressed  in  degrees,  minutes, 
and  seconds  of  arc  the  solution  will  give  the  value  of  :x?  in  seconds 
of  time,  and  the  correction  of  the  watch  relative  to  sidereal,  time 
will  then  be 

d'T^U^x (17) 

Owing  to  the  gain  of  sidereal  upon  mean  solar  time,  the  value 
of  U  for  a  watch  keeping  mean  solar  time  continually  increases 
at  the  rate  of  about  ten  seconds  per  hour,  and  due  heed  must 
be  paid  to  this  gain  if  the  observations  of  the  northern  and 
southern  stars  are  not  strictly  simultaneous,  by  assigning  to  the 
later  observations,  values  of  U  correspondingly  greater  than  are 
taken  for  the  earlier  ones.  It  is  well  to  render  the  observations  of 
the  two  stars  nearly  simultaneous  by  making  half  the  observations 
of  Polaris  precede  and  half  follow  those  of  the  southern  star,  or 
vice  versa,  as  is  done  in  the  following  example,  in  which  the 
number  of  observations  is  reduced  to  a  minimum,  one  pointing 
on  each  object  in  each  position  of  the  instrument.  Increased 
precision  may,  of  covu^e,  be  obtained  by  increasing  the  number 
of  observations  and,  with  a  small  instrument,  by  using  the  method 
of  repetitions.  Heed  must  be  taken  in  this  case  not  to  extend 
unduly  a  set  of  observations,  particularly  if  the  star  is  more  than 
a  degree  distant  from  the  meridian  in  azimuth,  since  in  this  case 
a  correction  analogous  to  Eq.  (13)  will  be  required  by  the 
observations.  This  correction  will  not  usually  be  needed 
if  the  set  of  pointings  to  be  reduced  by  Eq.  (15)  does  not 
extend  over  a  longer  time  than  ten  or  twelve  minutes.  The 
application  of  these  methods  is  shown  in  the  following  record 
and  reduction  of  a  set  of  observations  made  with  an  engineer's 
transit: 
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FIELD    NOTES— AZIMUTH   AND   TIME— TWO-STAR    METHOD 


April  23,  1907.     At  Station  E. 
Azimuth  of  Asylum  Lig^^t. 


Object. 

R 
R 
R 
L 

L 
L 

Watch.  T. 

Horizontal  Circle. 

Vertical 
Circle. 

Levels. 

Ver.  i4. 

Ver.  B. 

Mark 

*  No.  13 

Polaris 

Polaris 

*No.  13 

Mark 

9**     o*" 

2     i6*.5 

5     " 
10     14 

14       8.5 
9     17 

187*^54'     0" 

358  14    15 
179      5    40 

359  8    30 
181    41    20 

7    54    30 

53'  45" 
14    15 
5    30 
8    25 
40    45 
54    10 

32°  41' 
42     10 
42       3 
32    39 

•  ••••••• 

W.        E. 

25-7       9.3 
9.1     25.6 

Comparison  of  watch  with  standard  time: 
C.  S.  T  9»»   23'n  40S 


Watch 


9"  25™  37S.0 


REDUCTION  OF  OBSERVATIONS— TWO-STAR  METHOD 


Star. 

Polaris. 

♦  No.  13. 

a 

88°   48'    31" 

-14°   16'    41" 

a 

1^   24"!  46  s 

ijh    i^m  42".3 

T 

9       7     42 

9       8     12  .5 

T-\-U 

It      13     42 

II      14     12.5 

t 

9     48     56 

—  0       0     29  .8 

t 

147     14       0 

-  0       7     27 

h 

42      6 

32     39 

log  sin  / 

9-7334 

.     7.3359« 

cos  d 

8.3179 

9.9864 

sec  h 

O.I20 

0.0747 

cos  / 

9-9247« 

0.0000 

G 

I. 1762 

1.1761M 

sin  A 

8.1809 

7-3970W 

1(^C 

9-5484W 

I.2372« 

Ai, 

179°     7'    52" 

359*'  51'    25" 

II 

8     47       5 

172       3     33 

A 

187     54     57 

187     47     52 

ByEq.  (16),  187°  54'  57"  =  ^A/-   0.35^ 

187     47  52   =Am—it.2'jx 

and  solving  these  equations  we  find 

U  +  2»»  6™  o".© 

X  +2i^».I 

ST  +2»»  b^  258.1 

Am  iSf  55'   '6" 
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The  results  thus  obtained   may  be  presumed  correct  within 
•     a   few   seconds   of  arc,  e.g.,  lo'',   and   this  precision   may   be 
increased  by  multiplying  the  observations. 

474.  Latitude  from  Di£ference  of  Meridian  Altitudes.^ 
Eq.  (3)  may  readily  be  made  to  furnish  the  relation, 

2(f>={di+d2)  +  {hi-'h2), (18) 

where  d  and  h,  are  the  declination  and  meridian  altilude  of 
any  star  and  the  subscripts  i  and  2  denote  respectively  that, 
of  the  two  stars  here  considered,  the  first  crosses  the  meridian 
north  of  the  zenith,  the  second  south  of  it.  When  the  northern 
star  is  at  lower  culmination,  i.e.,  in  the  act  of  crossing  that  part 
of  the  meridian  that  lies  below  the  pole,  the  above  equation 
must  be  written, 

20  =  (i8o°-^i-f^2)  +  (Ai-A2) (19) 

These  equations  are  the  basis  of  precise  latitude  determina- 
tions, which  are  thus  reduced  to  a  measurement  of  the  difference 
of  two  altitudes,  Ai,  A2,  neither  of  which  need  itself  be  known,  save 
very  roughly,  provided  their  difference  is  accurately  measured. 
A  special  instrument,  called  a  zenith  telescope,  is  the  favorite 
device  for  this  purpose,  but  any  instrument  provided  with  a 
vertical  circle  may  be  used,  and  it  is  worthy  of  special  note  that 
the  gradienter  often  found  on  engineers'  transits  is  excellently 
well  adapted  to  this  purpose.  Make  a  pointing  in  altitude  on 
one  of  the  stars,  read  the  gradienter  head  and  then  without  loosing 
the  altitude  clamp  make  a  pointing  on  the  second  star,  revolving 
the  instrument  in  azimuth  and  turning  the  gradienter  screw  until 
the  telescope  is  brought  to  the  right  altitude.  If  Ri  and  R2 
denote  the  readings  of  the  gradienter  head  corresponding  to  these 

'  See  Comslock's  *'  Field  Astronomy,"  Arts.  70  to  73. 
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two  pointings  and  k  is  the  value  of  a  revolution  of  the  gradienter, 
i.e.,  the  angle  through  which  the  telescope  is  moved  by  one  com- 
plete turn  of  the  gradienter,  we  have,  barring  the  effect  of  refrac- 
tion,i 

h\  —  h2=^  \R\  —  R2)f^» 

An  approximate  value  of  the  constant  k  may  be  found  through 
readings  of  the  horizontal  or  vertical  circle  of  the  instrument, 
but  an  accurate  value  is  best  obtained  through  the  latitude  obser- 
vations themselves,  as  is  shown  in  the  example  below. 

Since  the  altitudes  of  stars  are  affected  in  varying  degree  by 
the  atmospheric  refraction,  the  observed  difference  of  altitude, 
however  measured,  must  be  freed  from  this  effect  in  order  to 
make  it  equal  to  the  hi  —  A2  of  the  equations.  The  amount  of 
this  refraction  correction  is  directly  proportional  to  the  measured 
difference  of  altitude,  and  when  this  difference  is  1°  the  correc- 
tion may  be  taken  from  the  following  table  whose  argument  is 
the  mean  of  the  altitudes  of  the  stars.  Double  the  tabular  number 
when  the  difference  of  altitude  is  2°,  etc.,  and  alwa)rs  apply  the 
correction  so  as  to  numerically  increase  the  measured  difference. 

DIFFERENTIAL   REFRACTION 


Altitude. 

Correction 
for  i«. 

Altitude. 

Correction 
for  I**. 

20 

30 
40 

50 

32". 

8   .3 

3   -9 
2   .4 

I   -7 

60 
70 
80 

90 

I".  7 

I   -3 
I    .1 

I   .0 

I   .0 

*  To  secure  the  full  measure  of  precision  attainable  with  a  gradienter  its  screw 
must  be  calibrated.  See  Comstock's  "  Field  Astronomy,"  Art.  72,  for  the  method 
of  doing  this. 


666  SURVEYING 


In  turning  from  the  northern  to  the  southern  star,  or  vice 
versa,  the  mstrument  must  be  revolved  about  the  vertical  axis  and 
any  deviation  of  this  axis  from  the  true  vertical  should  be  care- 
fully determined  by  means  of  a  spirit  level,  i.e.,  the  altitude  level 
of  the  instrument.  If  the  level  readings  show  that  this  axis 
deviates  from  the  true  zenith  toward  the  south  by  an  amount  &, 
then  b  must  be  added  to  the  latitude  furnished  by  Eqs.  (i8)  or 
(19).     Subtract  b  when  the  axis  tips  toward  the  north. 

A  useful  application  of  Eqs.  (18)  and  (19)  may  be  made  to 
observations  of  Polaris  taken  at  any  hour  whatever  and  combined 
with  observations  made  upon  a  southern  star  when  its  azimuth 
is  180°  greater  than  that  of  Polaris,^  e.g.,  point  on  Polaris,  then 
turn  180®  in  azimuth  and  observe  the  southern  star  when  it 
reaches  the  position  thus  defined.  For  such  an  observation  we 
must  write  in  Eq.  (18),  in  place  of  the  declination  of  each  star, 
a  fictitious  declination  defined  by  the  equation. 


cot  rf=cot  ^cos/, (20) 

and  find  in  terms  of  it, 

2^=(rfl+(/2)-f(Al-A2) (21) 

In  order  to  compute  the  hour  angles  of  the  stars,  required  in 
Eq.  (20),  it  will  be  necessary  to  note  the  times  of  observation,  T, 
and  to  obtain  at  least  an  approximate  value  of  the  correction  of 
the  watch  JT,  referred  to  sidereal  time;  we  shall  then  have. 


*  Or,  more  generally,  when  its  distance  from  the  meridian  measured  along 
a  great  circle  is  numerically  equal  to  the  corresponding  distance  of  Polaris  from 
the  meridian. 
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We  proceed  to  apply  these  equations  to  the  following  observa- 
tions which  are  a  part  of  the  set  given  on  p.  654,  and  there  par- 
tially reduced. 

FIELD   NOTES— GRADIENTER   LATITUDE 


July  24,  1910.     At  Station  K. 


Object. 

Watch,  t: 

Horizontal 
Circle. 

Vertical 
Circle. 

Gradienter. 

Levels. 

Polaris 
11  Serp. 

io*»     o°» 
10     II     26 

181°   30'    20" 
I     30     20 

42«   41' 
44     0 

10.108 
13.947 

N.      -S. 

7.3     7.5 
7.8     7.3 

+0.15 

The  value  of  a  revolution  of  the  gradienter  is  provisionally 
assumed  to  be  ^  =  2o'.5  and  the  value  of  a  level  division  to  be 


12". 


REDUCTION   OF   GRADIENTER   LATITUDE 


Star 

Polaris 

T)  Serp. 

R-R, 

3 

.839 

T 

loh    0"*   0^ 

loh  iini  26^ 

{Rx-R2)k 

-   1° 

18'    42" 

JT 

+  8       9    34 

+  8       9     36 

d,^d. 

87 

27     59 

d 

18       9    34 

18     21       2 

Refraction 

-3 

a 

I     26    57 

18     16     41 

Level 

+  2 

t. 

16     42     37 

0       4     21 

2<j) 

86 

9     16 

d. 

88     49     21 

-    2     55     23 

* 

43 

4     38 

cot  d 

8.3129 

1.2919M 

cos/ 

9.5202^ 

9.9999 

d 

90°  23'    25" 

-   2°  55'    26" 

The  level  correction  is  here  positive  because  the  greatest  level 
reading,  7.8,  being  at  the  north  end  of  the  tube,  shows  that  the 
vertical  axis  was  tipped  to  the  south.  Its  value  in  terms  of  a 
level  division,  as  shown  in  the  record,  is  the  mean  of  the  diagonal 
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differences  of  the  four  printed  level  readings,  and  this  quantity 
multiplied  by  the  value  of  a  level  division  is  the  correction  to 
be  applied  in  obtaining  2(/>. 

By  observing  only  stars  on  the  meridian,  the  computation  con- 
tained in  the  fast  two  columns  above  is  rendered  unnecessary 
and  the  reduction  correspondingly  abridged,  but  in  many  cases 
it  is  difficult  to  find  suitable  northern  stars  to  observe  on  the 
meridian  and  Polaris  is  always  available  at  the  expense  of  the 
little  extra  computation  shown  above.  Theoretically,  the  latitude 
here  found  requires  a  correction  depending  upon  the  azimuth  in 
which  the  stars  were  observed,  but  this  may  usually  be  ignored. 
Its  value  in  the  present  case  is  less  than  o".i. 

A  more  serious  source  of  error  lies  in  the  adopted  coefficient,  k, 
the  value  of  a  revolution  of  the  gradienter,  and  to  control  this 
value  a  second  southern  star  was  observed  with  Polaris  and  the 
resulting  double  latitude  found  to  be  86°  8'  56".  The  difference 
of  the  gradienter  readings  was  in  this  case  12.385  revolutions  and 
the  altitude  of  Polaris  being  greater  than  that  of  the  southern 
star,  this  resulted  in  a  term  additive  to  the  sum  of  •the  declina- 
tions in  order  to  obtain  2^.  Assuming  that  the  difference  in  the 
resulting  latitudes  is  due  to  an  error  of  unknown  magnitude  in 
the  assumed  value  of  k,  we  have  the  following  equations  from 
which  to  determine  x,  the  required  correction  to  this  value: 


2^  =  86°  9'  16"-  3.839a;, 
2^  =  86   8  56   +12.385.^. 

From  these  we  find, 

:x:=-fi".23, 
^  =  20'  31". 23, 

<^  =  43"4'36". 

Compare  this  result  with  that  found  on  p.  654  from  the  vertical 
circle  reading. 
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When  the  gradienter  has  been  duly  calibrated  the  precision 
attainable  by  the  above  method  depends  chiefly  upon  the  char- 
acter of  the  level  employed.  Not  much  can  be  expected  from 
the  ordinary  plate  levels  of  a  transit,  but  if  the  striding  level  is 
temporarily  fastened  at  right  angles  to  the  horizontal  axis,  the 
probable  error  of  a  single  determination  of  latitude  ought  not 
to  exceed  2"  to  4". 

475.  Longitude.  Longitude  is  determined  by  comparing  the 
observed  error  of  a  chronometer  or  watch,  referred  to  the  local 
meridian,  with  its  error  referred  to  some  standard  meridian. 
The  latter  error  must  be  obtained  by  comparison  of  the  watch 
with  standard  time,  transmitted  either  by  telegraph  or  other 
equivalent  signals,  or  by  actually  transporting  a  timepiece  from 
one  meridian  to  the  other.  The  latter  alternative  should  be 
adopted  only  when  the  others  are  impracticable,  and  great  care 
must  then  be  exercised  to  disturb  the  timepiece  as  little  as  possible 
in  transit  and  to  allow  for  its  gain  or  loss  in  the  intervening  time. 

The  Two-Star  record  at  p.  663  contains  a  comparison  of  the 
watch  with  Central  Standard  Time  which  was  made  by  noting 
at  a  convenient  moment  the  time  simultaneously  shown  by  the 
watch  and  a  standard  clock.  We  employ  this  comparison  and 
the  results  of  the  reduction  made  in  Art.  473  as  follows: 

C.S.T.  -Watch  =-!«»  578.0 
Local  T.— Watch  =+0  25.1 
C.S.T.  -  Local  T.     =-2     22  .1  = -35'   32" 

/ 

.  Applying  this  last  number  to  the  longitude  of  the  meridian  corre- 
sponding to  Central  Standard  Time,  90°  west  'of  Greenwich,  we 
obtain  as  the  observer's  longitude,  89°  24'  28",  W. 
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TABLE  A— TIME  STARS 


I 

3 

3 

4 

5 

6 

7 

8 

9 

10 

No. 

Name. 

May. 

R.A.  1910. 

Var. 

Dec.  1910. 

Var. 

M.  T. 

Var. 

Date. 

n,  f9t_  St 

s. 

0      / 

/ 

H.    ftl. 

tn. 

I 

p  Ceti 

3 

0  39    8 

+  301  -18  39 

+  33 

8    4.0 

+  3.0 

Nov.  39 

3 

r  Ceti 

3.5 

I  39  56 

379-16  34 

+  32 

8    1.6 

1.7 

Dec.  15 

3 

r  Ceti 

3-5 

3  38  43 

310 

+     3   53 

+  25 

8      1.3 

3.3 

Dec.  30 

4 

d  Eridani 

3-5 

3  3857 

387 

—  10      4 

+  21 

8    1.3 

1.8 

Jan.   14 

5 

y  Eridani 

4 

4  31,50 

300  -  3  32 

+  13 

8    3.9 

3.0 

Jan.   37 

6 

Rigel 

0 

5  10  13 

388  -  8  18 

+   7 

8    1.9 

1.8 

Feb.     6 

7 

K  Orionis 

3 

5  43  30 

384 

-  9  42 

-H    2 

8   3.6 

^•7 

Feb.   14 

8 

Sirius 

—  3 

6  41  II 

364 

-16  36 

-  8 

8     3.3 

1.4 

Mar.    I 

9 

Procyon 

0 

73436 

3^4 

+  ^  27 

-15 

8    ou5 

3.2 

Mar.  15 

lO 

30  Monoc. 

4 

8   31    II 

300 

-  3  37 

-19 

8    3.7 

3.0 

Mar.  36 

II 

a  Hydrae 

3 

9  23  " 

295 

-  8  16 

-36 

8    3.6 

3.0 

April  II 

13 

fi  Hydrae 

4 

10  31  45 

390 

-16  33 

-31 

8     3.0 

1.9 

April  35 

13 

d  Crateris 

4 

II  14  53 

300'  — 14  18 

-33 

8    0.0 

2.0 

May  10 

14 

d  Corvi 

3 

13  35  14 

310' 

-16     I 

-33 

8    3.3 

3.3 

May  37 

15 

Spica 

I 

i^  30  39 

316 

—  10  43 

-32 

8    3.3 

2.3 

June  10 

16 

f  Virginis 

4 

14  II  19 

314 

-  5  34 

-39 

8    3.9 

3.3 

June  33 

17 

p  Librae 

2.5 

15    13    13 

322;-   9    3 

—  23 

8    0.7 

2.4 

July     9 

18 

Antares 

I 

16   33   56 

367,-36  14 

-14 

8    1.5 

3.1 

July  37 

19 

d  Ophiuchi 

3 

17    16  33 

368 

-24  55 

-    6 

8    3.8 

3.1 

Aug.    9 

30 

ij  Serpentis 

3 

18   16  43 

310 

-   2  55 

+     I 

8    3.8 

3.3 

Aug.  24 

31 

jt  Sagitarii 

3 

19     4  38 

357 

—  31    10 

+   9 

8    0.4 

3.9 

Sept.    6 

33 

d  Aquilae 

3-5 

30    6  43 

310 

-   I     5 

+  18 

8    3.5 

3.1 

Sept.  31 

23 

V  Aquarii 

4.5 

21     4  45 

327 

-II  44 

+  24 

8    3.4 

3.4 

Oct.     9 

24 

a  Aquarii 

3 

33     I  13 

308  -  0  45 

+  29 

8    3.6 

3.1 

Oct.  30 

25 

d  Aquarii 

3.5 

33  49  56 

319  -16  18 

+  p 

8    I.I 

2.3 

Nov.    2 

36 

0)  Aquarii 

4.5 

23  ^     7 

+  3" 

-15     3 

+  33 

8    3.0 

+  3.2 

Nov.  14 

TABLE  B— CORRECTIONS  TO   M.T. 


Longitude. 

Leap  Year. 

After  Leap  Year. 

Jan.. 
Feb. 

March. 
Dec. 

I 

II 

III 

i83'»   0'  East 

91^30'  F^st 

Greenwich 

91^*30'  WVst 

i83«»   o'West 

fff. 
8 

7 
6 

5 
4 

tn. 
4 

3 

2 

I 
0 

fff. 

5 
4 

3 
3 

I 

fff. 
6 

5 
4 

3 
3 

f». 

7 
6 

5 
4 
3 
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POLARIS    ORIENTATION 
TABLE  C— YEAR  NUMBERS  TABLE  D— DAY  NUMBERS 


Year. 

F' 

1910 

1.002 

II 

0.997 

12 

.992 

13 

.987 

1        u 

.982 

Y 


I91'; 
16 

18 

19 
1920 

21 

22 

23 
24 

1925 
26 

27 

28 

29 

IQ30 


0.977 
.972 
.968 

.04 
.960 
0.956 
.952 
.948 

-945 

.941 

0.936 

-932 
.928 

.923 
.918 

0.913 


•.    I 


m. 

+  11 
10 

*9.i3 
II 

10 

8 
*  6,10 

9 


6 
*4,8 


/ 

6 

*2,6 

5 

4 

3 

*o,4 

"% 

d 

+  I 

*  Use  only  in  January  and  Feb' 
ruar>'. 

TABLE    k' 


R 


lo"- 
20 

30 


L. 


:^  • 
2.2 

1.4 

0-5 
0.1 


Year. 


19 


Y 
F 
R 


f 

Month. 

D 

h.   m. 

Jan. 

16  59 

!  Feb. 

19     2 

'  Mar. 

20  53 

April 

22  56 

F' 


PP  for  D. 


j  May 
j  June 
:   July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Jan. 


.TV 

19 

2 

20 

53 

22 

56 

0 

54 

2 

56 

4 

54 

6 

55 

8 

57 

10 

55 

12 

57 

14 

56 

16 

59 

1 

— O.OOI 

.001 
.000 
.001 

.003 

.005 

.005 


.005 
.003 
.001 
.001 
-003 
.005 


I 
2 

3 
4 

5 
6 

7 

8 

9 
10 

20 

30 


m. 

4 

8 

12 

16 

20 

24 

28 

32 

35 

39 

79 

118 


TABLE   P— POLARIS    ORIENTATION 

1 


ao 


o 
I 

2 

"% 

4 

6 

7 
8 

9 
10 

II 

12 


I  — 


I  _ 
h 


0  + 

24 
46 

65 
80 

89 

92  + 

89 

80 

6; 

46 

24 

0  + 


/ 


+  70  + 
08 
61 

50 

.■)."> 
+  18  + 

o 

-18- 

35 

50 
61 

68 

-70- 


24 

23 
22 

21 

20 

19 

18 

17 
16 

15 

14 

13 
12 


J 


Fx 


h  =  <^^-F\. 

^I  =  i8o°  +  i^,ao- 
(l)  =  h'-FbQ-R. 


i 
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CHAPTER  XVI 


TRIGNOMETRIC     LEVELLING 


476.  General  Description.  Trigonometric  levelling  consists 
in  determining  differences  of  elevation  by  means  of  carefully 
measured  vertical  angles  and  horizontal  distances.  Such  work 
usually  accompanies  triangulation  and  because  of  the  fact  that 
the  best  time  of  observing  vertical  angles  is  during  the  middle 
of  the  day  adds  but  little  to  the  cost  of  the  former  work.  How- 
ever, even  with  the  highest  grade  of  instrument  the  results  obtained 
are  much  inferior  to  precise  spirit  levelling.  The  most  accurate 
results  are  obtained  in  mountainous  country,  the  least  accurate  in 
a  flat  region.  This  is  due  to  the  varying  amount  of  refraction. 
(See  Art.  478.) 

477.  Instruments  and  Methods.  For  the  best  work  the 
vertical  circle  should  be  provided  with  micrometer  microscopes, 
or  else  so  constructed  as  to  allow  the  "  repeating  "  method.  An 
instrument  of  the  latter  type  is  shown  in  Fig.  241.  With  such 
an  instrument  the  double  zenith  distance  of  the  point  is  measured 
and  repeated  before  reading  the  circle  by  a  programme  very 
similar  to  that  used  in  measuring  horizontal  angles  with  a  repeat- 
ing instrument.  Thus,  to  find  the  zenith  distance  of  a  signal, 
point  the  telescope  and  bisect  the  signal  with  the  horizontal 
thread,  then  turn  the  alidade  180°  in  azimuth,  transit  the  tele- 
scope, and  bisect  tTie  signal  again.  At  both  bisections  read  the 
vertical  circle  and  the  Jevel  parallel  to  vertical  circle.  Then  one- 
half  of  the  difference  of  circle  reading,  corrected  for  level,  will 
give  a  single  determination  of  the  zenith  angle  desired  free  from 


any  index  error  of  the  vernier.  This  angle  can  be  repeated,  i.e., 
added  on  as  many  times  as  desired  and  the  mean  angle  computed 
as  with  horizontal  angles.    The  other  form  of  instriunent  pro- 


FiC.  341. — Insminient  for  Measuring   IXiuble  Zenilh  Diaarncs  by  Ihe  "Repeal- 
ing "  Programme. 

^■idcs  a  micrometer  microscope  in  the  eye  piece  of  the  objective. 
The   micrometer  is   used   to   measure  the  small   differences   of 
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vertical  angle  between  two  or  several  stations.  On  long  distances 
the  vertical  angles  to  the  stations  usually  differ  by  amounts  easily 
in  the  range  of  the  micrometer.  For  a  description  of  a  microm- 
eter, see  Art.  443. 

478.  Refraction.  If  rays  of  light  passed  through  the  atmos- 
phere in  straight  lines,  then  in  trigonometrical  levelling  we  should 
have  to-  correct  only  for  the  curvature  of  a  level  surface  at  the 
locality.  It  is  found,  however,  that  rays  of  light  near  the  surface 
of  the  earth  usually  are  curved  downwards — that  is,  their  paths 


d 


a 
"3 


Ml234-50780    10nN12345 


7     8    9    10   11   M 


Fig.  242. — The  Coefficient  of  Refraction  at  Different  Hours  of  the  Day  as 

Measured  by  the  U.  S.  C.  and  G.  S. 


are  convex  upwards.  This  curve  is  quite  variable,,  sometimes 
being  actually  convex  downwards  in  some  localities.  It  has  its 
greatest  curvature  about  daybreak,  diminishes  rapidly  till  8  a.m., 
and  is  nearly  constant  from  10  a.m.  till  4  p.m.,  when  it  begins 
to  increase  again.  The  curve  may  be  considered  a  circle  having 
a  variable  radius,  the  mean  value  of  which  is  about  seven  times 
the  radius  of  the  earth.  The  main  cause  of  the  inaccuracies  in 
trigonometric  levelling  is  due  to  atmospheric  refraction.  Because 
of  the  uncertainties  in  the  refraction,  work  should  be  attempted 
only  at  the  time  of  minimum  and  slowly  changing  refraction, 
viz.,  the  middle  of  the  day.     See  Fig.  242. 
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479.  Refraction,  How  Measured.  In  Fig.  243  let  A,  B 
denote  the  positions  of  the  instrument  at  two  stations  with  eleva- 
tions hi  and  h^  above  the  sea  level  s. 


C 

R 

<f, 

Z\  and  Z2 

p\  and  p2  '■ 
AB 
AT^XiABT 


centre  of  earth; 

radius  of  curvature  of  earth's  surface  for  Ime  s] 
angle  at  earth's  centre  subtended  by  AB\ 
observed  zenith  distances  at  A  and  B  upon  B  and 

A  respectively; 
corresponding  refraction  angles; 
the  curved  line  of  sight  (nearly  a  circle) ; 
tangents  to  curve  AB  dii  A  and  B, 

a  =  i8o°~(Z,+^i) (i) 

/?=i8o°-(Z2+/>2) (2) 
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Now  since  the  curve  AB  is  nearly  circular  we  can  write 

pi^i^\<t> (3) 

^2  =  W2<^ •       (4) 

WTiere  m\  and  W2  are  called  coefficients  of  refraction.  In  other 
words,  the  coefficient  of  refraction  at  either  end  of  a  line  joining 
two  stations  is  the  ratio  of  the  refraction  angle  at  that  end  to 
the  angle  at  the  centre  of  the  earth  subtended  by  the  two  stations. 
480.  Detennination  of  Coefficient  of  Refraction,  i.  From 
the  geometric  relations  of  Fig.  243  we  have 

Zi+^i+Z2+^2=i8o°  +  0.    ^.     ....     (5) 
Substituting  for  p\  and  />2  their  value,  given  above, 

mi+m2  =  i-4(-^i+Z2-i8o°) (6) 

As  ^  is  a  small  angle  we  may  substitute  -—  .  — -,  whence 

R  sm  i" 

i?sin  i''  ^      ^        «  ox 
Wi+W2=I+ -(Zi-f-Z2-i8o°).       ...     (7) 

If  the  observations  at  A  and  B  are  simultaneoiis  and  the  two 
stations  dififer  but  little  in  elevation  we  may  assume  Wi=W2  =  w 
and  thus  obtain  the  mean  refraction  coefficient  for  this  line, 

iJsin  i''  ^      „       ^  ^^ 
w=o.5 (Zi4-Z2-i8o°)     ...     (8) 

2.  When  the  elevations  of  two  stations  are  known  from  precise 
levelling  we  can  determine  the  value  of  m  at  either  end  of  the 
line  joining  the  two  stations. 

Let  Zi'  and   Z2'  be  the  true   zenith   distances  at  A  and  B    . 
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corresponding  to  the  observed  zenith  distance  Zi,  Z2. 
we  have  from  Fig.  243, 


Then 


The  last  member  of  (9)  will  be  found  in  Eq.  (19),  which 
determines  the  difference  in  height  Ai  — A2.  Since  Ai  — A2  are 
known  we  can  transpose  Eq.  (19),  substituting  Z\  —Z^  for  its 
equivalent  as  given  in  (9).    We  then  have 


i(Zi'~Z2')=tan-i 


h\  —  Ai 


/  h^-h2  52     \ 


.       .       (10) 


But  since 1-—  and  — — -  are  always  very  small  we  may 

2/C  I2A^ 


wnte 


i(Zi'-Z2')=tan-i 


"1  ~  W2 
S 


2Bi 


(") 


Also  from  Fig.  243  we  sec  that 


i(Zi'+Z2')  =  9o''  +  is^  =  90  +  - 


2/i^sin  I 


rr     •    •    (12) 


From  (11)  and  (12)  we  can  compute  the  true  zenith  distance 
at  either  end  of  the  line.  If  now  the  zenith  distances  be  observed, 
the  coeflScient  of  refraction  is  easily  computed  thus: 


Zi'-Zi=/oi  =  Wiv^  =  — .-— 7;,    ....     (13) 

Asm  I 


Z2'  —  Z2  =/>2  =  W2V^'  =  5 ' .  ■  ~T,y     ■ 

R  sm  1 


.  (14) 
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whence 


ifii  = 


{Zi'-Zi)Rsini" 


1fl2 


(Z2'-Z2)Rsmi'\ 
s 


(15) 


(16) 


The  following  are  a  few  values  for  the  minimum  refraction  in 
the  localities  named: 


Locality. 

Observed  by 

Mean  m. 

Maine 

U.  S.  Coast  and  Geodetic  Survey. . . 

Do. 

Do. 
New  York  State  Survev 

0.0710 
0.0715 
0.0742 
0.0730 

North  Georsria 

Central  California 

New  York  State 

The  refraction  has  been  found  to  be  greatest  over  water  or 
along  the  coast,  and  the  least  in  the  interior.  Near  the  coast 
the  U.  S.  Coast  and  Geodetic  Survey  uses  the  mean  value  0.078 
and  0.065  for  ^^  interior. 

481.  To  Find  the  Difference  of  Height.  The  following 
three  cases  will  be  considered: 

1.  When  the  zenith  distances  are  observed  at  both  ends  of 
each  line  but  not  simultaneously. 

2.  When  the  zenith  distances  are  observed  at  both  ends  and 
also  simultaneously. 

3.  When  observations  of  zenith  distance  are  made  only  at  one 
end  of  the  line. 

Case  I.  From  the  triangle  AOB,  Fig.  243,  we  have,^ 


Oi4-OB_tani(/?-a) 


(17) 


'  For  a   full  discussion  of  this  method,   see  Appendix  12,  U.  S.  Coast  and 
Geodetic  Survey  Report  for  1883. 

'  From  Gillespie's  "  Higher  Surveying,"  p.  233. 
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But  OA^R-hhu  0B  =  R-^h2y  a  =  i8o-Zi-^,  ^=i8o-Z2 
—p2y  and  a+^=i8o— ^.  Substituting  these  values  in  (17)  we 
have 

j^^~^  =  i^niJtain^{Zi^Z2)-h(pi-'P2).       .     (18) 

Substituting  for  ^1  and  p2  their  values  mnp  and  W20,  develop- 
ing the  term  tan  i^  by  Maclaurin's  series  and  reducing,  we  obtain 

A.r^      ^x     wi  — m2l/      A14-A2      s^  A,    V 

Ca5e  2.  When  the  zenith  angles  are  measured  simultaneously, 
it  is  usual  to  regard  Wi  =  m2.  Eq.  (19),  then  becomes, 

Ai-A2=^tanK-^i--^2)U+^^^+-^+etc.y      .     .     .     (20) 

h\  "j~  M2 
The  factor  — -  -  rarely  exceeds  2  metres   while   the   term 

2/v 


12R 


is  negligible  as  compared  to  the  error  in  assuming  wi  =  m2. 


The  factor  ( iH ;: — I ;;+etc. )  can  be  tabulated  for  the 


/      hi+h2      s^  \ 


arguments  hi  +A2  and  s,  so  that  its  effect  on  a  certain  difference 
of  elevation  is  quickly  applied. 

The  following  formula  is  also  sometimes  used : 

5sinJ(ZK-Z2) 

ni  —  n2  = 7-7^ „         (21) 

cos  i{Zi-Z2  +  (lf) 


5* 


*  For  ordinary  distances  the  term may  l)e  neglected. 

12R 

log  /?=  7.32068  in  feet,     and  log  sin  i"= 4.6855 749. 
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Case  3.  In  the  common  case  a  line  sighted  from  one  end  only, 
we  have,  since 

by  substituting  these  values  in  Etj.  (17)  and  reducing,  we  have 


Ai  — A2=5cot 


Z\  —  {i  —  m) 


2R  sm  i" 


1+ — ---f 


2R 


52   \ 


I  —  fft  2  —  ^o  n    rr 

=  5  cot  Zi  H Trs'^-\ PT^  cot^  Zi. 

2/C  2A 


(23) 


When  only  approximate  elevations  are  required,  if  the  lines  are 
not  more  than  ten  miles  in  length,  the  following  formula  may  be 
used  instead  of  (23), 


ki  —  h2  =  s  cot  Zi+ks^y 


(24) 


where 


log  ^  =  2.3i28(—  10)  in  feet, 
=  2.8288(—  10)  in  metres. 


obtained  by  using  m  =  o.oj  and  the  average  value  of  R  for  lati- 
tude 45*^. 

When  the  line  is  sighted  over  from  both  ends  we  obtain  two 
values  of  the  difference  in  height,  whose  weighted  mean  gives  the 
required  result. 

The  following  table  gives  computed  values  of  the  combined 
mean  corrections  for  curvature  and  refraction  for  short  distances, 
either  for  horizontal  or  inclined  sights.  Both  the  distance  d  and 
the  correction  c„  are  in  feet,  except  for  the  last  column,  where 
the  distance  is  given  in  miles.  For  a  more  extended  table  for 
long  distances,  see  page  544. 
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CORRECTION  FOR  EARTH'S  CURVATURE  AND  REFRACTION 


d 

Cn 

d 

Cn 

d 

<^rt 

d 

<^n 

I 

d 

cn 

Miles. 

^n 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

Ft. 

300 

.00a 

1300 

.03s 

3300 

.108 

3300 

.333 

4300 

.379 

I 

•  571 

400 

.003 

1400 

.040 

a  400 

.118 

3400 

.a37 

4400 

.397 

a 

a.aSs 

500 

•  oo's 

1500 

.046 

a  500 

.138 

3SOO 

•  251 

4500 

•  415 

3 

5.142 

600 

.007 

1600 

■  05a 

3600 

•  139 

3600 

.366 

4600 

•434 

4 

9.141 

700 

.010 

1700 

.059 

3700 

.149 

3700 

.a8i 

1  4700 

.453 

5 

14.38a 

800 

.013 

1800 

.066 

3800 

.  161 

3800 

.396 

{  4800 

.472 

6 

30.567 

900 

.017 

1900 

.074 

3900 

.17a 

3900 

.3i2 

4900 

.49a 

7 

37.994 

1000 

.oao 

aooo 

.08a 

3000 

.184 

4000 

.328 

1  5000 

.512 

8 

36.563 

IIOO 

.oas 

aioo 

.090 

3100 

.197 

4tOO 

345 

5100 

•  533 

9 

46.375 

laoo 

.030 

aaoo 

.099 

3aoo 

.aip 

4aoo 

.36a 

5300 

•554 

10 

57.13s 

482.  Levelling  by  the  Sea  Horizon.  In  Fig.  244  let  A  be 
the  point  of  observation  and  S  the  point  on  the  sea-level  surface 
where  the  tangent  from  A  falls.     Then  we  have 

H=AD=^^ASt3inASD 


=  R  tan  C  tan  — . 

2 


(25) 


Since  the  angle  C  is  always  very  small,  we  may  let  the  arc 
equal  its  tangent,  whence 


Jf  =  -tan2C. 
2 


(26) 


*  Let  the  student  prove  this  relation. 
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If  the  observed  angle  of  depression  be  h=C—fnC,  then 

i  —  tn 
and 

H=-tan^(— V (27) 

or 

R/     h    \2 

H  =  -{  )    tan^i", (28) 

2  \i  — w/ 

where  h  is  expressed  in  seconds  of  arc. 

log  —  tan^  i"  =  6.39032  for  distances  in  feet. 
2 
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CHAPTER  XVII 
PRECISE  SPIRIT  LEVELLING 

483.  General  Description.  Precise  spirit  levelling  is  the 
operation  of  determining  diflFerences  of  elevation  of  any  two 
points  on  the  earth^s  surface  with  the  utmost  accuracy.  Work 
of  such  refinement  calls  for  specially  designed  instruments  and 
specially  devised  methods  of  observation  and  reduction  of  notes.  * 

From  such  differences  of  level  it  is  possible  to  compute  the 
absolute  elevations  of  all  points  above  some  standard  datum 
surface.  In  nearly  every  country  the  mean,  level  of  the  sea  is 
taken  as  the  surface  of  reference.  Precise  levelling  furnishes 
the  means  of  transferring  levels  to  the  interior  of  the  continent 
almost  free  from  accumulative  error.^    (See  Art.  494). 

Accurate  elevations  are  needed  for  reducing  the  length  of 
base  lines  to  mean  sea  level;  for  the  control  of  topographic  sur- 
veys; for  elevations  needed  in  engineering  operations  of  wide 
extent;  and  for  use  in  the  solution  of  certain  scientific  problems 
concerning  gravity  and  the  tides.  The  transference  of  such 
accurate  levels  involves  first,  finding  what  mean  sea  level  is  at 
a  given  point  by  means  of  automatic  tide-gauge  records  for  several 
years,  and  then  running  a  line  of  precise  spirit  levels  from  this 
gauge  inland  and  connecting  with  the  points  whose  elevations 


*  For  a  historical  treatment  of  precise  levelling  see  RejKirt  of  the  U.  S.  Coast 
and  Geodetic  Survey,  1893,  V2l.t\  2,  p.  304. 

'  The  total  accumulative  error  of  the  U.  S.  Coast  and  Cieo<letic  Survey  trans- 
continental line  of  precise  levels  from  New  York  to  San  Francisco  was  only  0.6 
foot. 
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are  required.  Most  European  countries  have  inaugurated  such 
systems  of  geodetic  levelling,  this  work  being  considered  an  integ- 
ral part  of  the  trigonometrical  survey  of  those  countries.  In  the 
United  States  this  grade  of  work  was  begun  on  the  U.  S.  Lake 
Survey  in  1875,  '^y  carrying  a  duplicate  line  of  levels  from  a 
known  elevation  at  Albany,  N.  Y.,  and  connecting  with  each  of 
the  Great  Lakes. 

The  importance  and  extent  of  this  work  will  be  seen  from 
the  following  statement  of  the  organizations  in  the  United  States 
and  miles  of  precise  levels  involved  in  the  1907  ^  level  net  adjust- 
ment. 

Precise  levelling  by  the  U.  S.  C.  and  G.  S 10,231  miles 

Precise  levelling  by  U.  S.  Geological  Survey 2,849 

Precise  levelling  by  U.  S.  Lake  Survey 627 

Water  levelling  (Great  Lakes) 2,720 

Precise  levelling,  Corps  of  Engineers,  U.S.A.,  Mis- 
sissippi   River    Commission  ^    and    Missouri 

River  Commission  (Kern  levels) 5, 103 


2 1, 530 'miles  3 

484.  Levelling  Instruments.  Until  1899  some  type  of 
the  wye  level  was  in  general  use  both  in  United  States  and  in 
Europe.  The  most  popular  form  of  such  an  instrument  (made 
by  J.  Kern  of  Aarau,  Switzerland)  is  shown  in  Fig.  245. 

By  turning  the  head  so  as  to  bring  the  eyes  of  the  observer 
into  a  vertical  line,  and  observing  with  both  eyes  simultaneously. 


*  See  valuable  report  by  John  F.  Hayford,  U.  S.  Coast  and  Geological  Survey, 
entitled  "  Precise  Leveling  in  the  United  States,  1903-1907,  with  its  Adjustment." 
This  gives  the  adjusted  elevations  of  many  thousands  of  precise  bench  marks 
widely  distributed  in  the  United  States. 

'  Professor  J.  B.  Johnson  personally  conducted  some  six  hundred  miles  of  this 
work.     See  map  by  J.  F.  Hayford  in  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  148. 

*  Besides  this  total  2204  miles  of  miscellaneous  levels  were  included. 
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the  image  of  the  bubble,  as  seen  in  the  mirror,  will  appear  pro- 
jected upon  the  rod,  and  its  stability  and  position  can  be  noted 
while  reading  the  rod.  The  bubble  is  placai  in  the  middle  of  the 
scale  of  the  tube,  and  keld  there  during  the  reading  of  the  rod 


—Kern  Preiise  Levc 


by  means  of  the  delicate  gradicntcr  screw  placed  under  the  eye- 
end  wye.  The  bubbles  in  these  instruments  are  very  deli- 
cate, one  division  (2  mm.)  on  the  tube  having  a  value  of  from 
two  to  four  seconds  of  arc.  They  arc  always  made  with  three 
Icvelling-screws,  widely  spread,   and  a  watch-bubble  to  assist 
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in  setting.     The  bubble-tube  is  chambered  at  one  end  so  as 
to  maintain  a  bubble  of  the   most  efficient  length  at  all  tem- 
peratures.   The  magnifying  power  is  about  45  diameters. 
In  the  precise  level  shown  in  Fig.  246  the  telescope  rests  in 


Fig.  S46. — Mendenhall  Precise  Level, 

a  cradle  which  allows  it  to  rotate  about  a  horizontal  axis  near 
the  centre  of  the  instrument.  This  instrument  was  designed  * 
by  Dr.  T.  C.  Mendenhall  (then  Supt.  U.  S.  Coast  Survey  and 
Geodetic    Survey). 

■  Fi>r  a  full  description  of  this  inatrumciu,  sec  Trans.  Am.  Soc.  C.  E.,  Vol. 
XXXIX.  p.  390. 
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485.  The  Coast  Survey  Precise  Level.  The  most  modern 
type  of  precise  level  is  the  new  instrument  designed  by  Mr. 
E.  G.  Fischer  of  the  U.  S.  Coast  and  Geodetic  Survey  and  shown 
in  Fig.  247. 

In  the  language  of  Mr.  Fischer,^  "  the  aims  in  designing  the 
new  precise  level  were  to  select  the  material  with  a  view  to  the 
smallness  of  its  expansion  coeflScient,  to  protect  the  vital  parts 
against  sudden  and  unequal  changes  of  temperature,  to  reduce 
to  the  smallest  possible  dimension  the  linear  distance  between 
level  vial  and  line  of  collimation,  to  insure  stability  by  reducing 
the  distance  between  the  centre  of  gravity  and  the  plane  of  sup- 
port, and  to  enable  the  observer  to  obtain  the  rod-reading,  as 
nearly  as  possible,  simultaneously  with  the  setting  of  the  level." 

The  bubble  readings  are  made  by  means  of  an  upper  mirror 
throwing  the  images  of  the  bubble  ends  upon  two  prismatic 
reflectors  set  in  an  auxiliary  tube  alongside  the  telescope,  and 
Xo  thence^^ofjthe  left  eye  of  the  obser\'er.  By  standing  erect  the 
observerinen  sees  both  the  rod  and  the  bubble  at  the  same  time, 
and  can  hold  the  bubble  to  a  central  position  while  reading  the 
rod.  A  simple  lens  at  the  eye  end  of  this  tube  (changed  for 
different  eyes)  brings  these  images  into  the  range  of  distinct 
vision.  This  device  enables  the  bubble  to  be  read  simultane- 
ously with  the  rod,  without  parallax,  and  with  a  normal  or  erect 
position  of  the  body.  It  requires  a  tajler  tripod,  however,  than 
is  customary  with  other  forms  of  levels.  This  is  probably  the 
most  perfect  form  of  precise  level  ever  devised,  judged  both  from 
the  merits  of  its  design  and  from  its  remarkable  field  performance. 
(See  Art.  495).  It  differs  from  the  older  t3rpes  of  levels  chiefly 
because  of  two  things :  ist,  it  is  a  dumpy  level,  and  2d,  its  level 
is  nonreversible,  and  is  in  close  juxtaposition  to  the  line  of  sight. 
See  Fig.  248.  Other  points  of  excellence  are  (3d)  its  broad 
base,  low  centre  of  gravity  and  rigid  tripod,  thus  securing  a 
stable  instrument;  (4th)   the  construction  of  the  telescope  and 


1  Trans.  Ana.  Soc.  C.  E.,  \  ol.  XLV,  p.  128. 
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adjacent  parts  of  nickel  steel  with  small  coefficient  of  expansion;  . 
(5th)  the  use  of  the  binocular  prism  and  the  high  tripod, 
which  for  work  insure  comfortable  conditions,  and  hence 
favorable  to  accuracy.  It  has  been  found  that  one  of  the  chief 
sources  of  error  in  some  precise  levelling  was  due  to  unequal 
changes  of  temperature  in  the  telescope  and  parts  connecting 
it  with  the  level  vial.  These  errors  have  not  been  found 
in  work  with  this  type  of  instrument  nor  with  the  Kern  level, 
but  in  a  form  of  wye  level  used  on  the  Coast  Survey  before 
1899. 

486.  Level  Rods.  Since  1899  a  form  of  speaking  rod 
has  been  in  general  use,  but  previous  to  that  time  a  target  rod 
was  used  by  the  U.  S.  Coast  and  Geodetic  Survey.  The  use  of 
the  speaking  rod  and  a  simpler  programme  has  resulted  in  greatly 
increasing  the  accuracy  and  decreasing  the  cost  of  precise 
work. 

The  design  of  the  rod  should  insure  the  accurate  reading 
of  the  rod  both  on  long  and  short  distances.  The  material 
is  usually  white  pine  which  has  been  boiled  in  paraffine  to  pre- 
vent its  length  being  affected  by  absorbing  moisture.  The  metric 
unit  is  nearly  universally  used.^  The  U.  S.  Coast  and  Geodetic 
Survey  rods  have  the  metre  graduations  on  platinum  plugs. 
Probably  the  most  perfect  rod  ever  devised  is  the  one  shown 
in  plan  and  cross-section  in  Figs.  249  and  250.2  AH  such 
rods  are  provided  with  a  watch-glass  level  to  keep  them 
plumb,  and  with  a  thermometer  to  keep  a  record  of  the  rod 
temperatures. 

Another  form  of  rod  used  with  the  Kern  level  is  shown  in 
Fig.  252.     It  is  kept  plumb  by  means  of  a  plumb  bob. 

487.  Rod  Supports.  A  foot  plate  provided  with  a  spher- 
ical hole  has  been  in  common  use  both  in  United  States  and  in 


*  The  U.  S.  Geological  Survey  have  used  rods  divided  into  yards  since  1906. 
'  Designed  ^by   Professor   David    S.   Molitor,    M.  Am.    Soc.  C.E.,  and   fully 
described  in  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  12. 
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Europe.  This,  however,  has  been  found 
under  certain  conditions  less  reliable  than 
some  form  of  steel  pin.  An  excellent  design 
is  the  pin  shown  in  Fig.  251.^  Its  surface, 
which  supports  the  rod,  is  convex  upwards, 
the  lower  groove  being  useful  to  receive  any 
sand  and  dirt  which  may  be  blown  in  by  the 
winds.  Much  evidence  has  accumulated  which 
goes  to  show  that  rod  supports  under  certain 
circumstances  are  subject  to  a  systematic 
rising  or  falling,  largely  responsible  for  the 
accumulation  of  discrepancy  between  the  for- 
ward and  backward  run  over  the  same  line. 
See  Art.  491. 

In  August,  1903,  a  U.  S.  Coast  and 
Geodetic  Survey  party  made  a  series  of 
experiments  ^  to  determine  the  effect  of  using 
a  point  marked  on  ^op  of  the  rail  of  a  rail- 
road track  as  a  rod  support.  The  experiment 
proved  that  the  use  of  such  a  support  in- 
creased both  the  accuracy  and  speed  of 
levelling  and  the  practice  has  since  been 
adopted  in  all  U.S.  Coast  and  Geodetic 
Sur\ey  level-work.  The  rail  is  not  used  just 
previous  or  just  subsequent  to  the  passage 
of  a  train,  as  it  was  found  that  a  short  time 
was  needed  before  the  rail  rose  to  its  former 
level. 


\9 


^-I 


Fig.  252. 


'  Designed  by  Professor  David  A.  Moliior,  Trans. 
Am.  Soc.  C.  E.,  Vol.  XLV,  p.  17.  The  steel  pin  was  first 
used  by  J.  B.  Johnson  in  1881  when  V.  S.  Assistant 
Engineer. 

'  See  pp.  416-18^  Appendix  6,  Report  1904,  for 
details. 
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Adjustments  of  Precise  Level 

488.  Adjustments  of  the  Wye  Type  of  Precise  Level.^ 

(i)  Lervd  Vial  Adjustment.  To  make  the  axis  of  the  striding 
level  parallel  to  the  plane  of  its  supports.  This  adjustment  is 
made  by  reversing  the  striding  level  on  its  supports  and  correct- 
ing one  half  the  movement  of  the  bubble  by  the  adjusting  screw 
under  one  end  of  the  bubble  tube.  (2)  Adjustment  for  Wind. 
To  make  the  bubble  axis  parallel  to  the  line  joining  the  centres 
of  the  points  of  support.  This  adjustment  is  made  the  same  as 
,  explained  in  Art.  43.  (3)  Collimation  Adjustment.  To  make 
the  middle  line  of  sight  lie  in  the  geometrical  axis  of  the  telescope 
rings.  This  is  accomplished  in  the  same  way  as  the  engineer's 
level,  Art.  42  (6). 

Thus,  let  i?i=  rod-reading  for  telescope  normal; 

/?2=  ''        "         ''         ''        inverted; 
d= distance  of  rod  from  instrument. 

Then  the  correction  c  * — . 

2d 

(4)  Wye  Adjustment.  To  make  the  axis  of  the  level  vial  per- 
pendicular to  the  vertical  axis  of  the  instrument.  This  is  tested 
after  levelling  up  the  instrument  by  turning  the  telescope  180® 
about  the  vertical  axis  of  the  instrument.  If  in  adjustment,  the 
bubble  will  remain  in  the  centre.  Otherwise  the  run  of  the  bubble 
is  twice  the  true  angular  error.  This  true  error  is  corrected  by 
moving  the  micrometer  screw  near  the  eye-piece  until  the  bubble 
returns  half  way  to  the  centre  and  finally  correcting  the  remain- 
ing half  by  the  levelling  screws. 


*  For  an  excellent  analysis  of  the  construction  and  adjustment  of  this  type 
of  instrument,  see  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  pp.  20-73,  by  David  A. 
MoUtor. 
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489.  Adjustment   of  the  Coast   Survey   Dumpy  Level. 

Because  of  its  simpler  construction  there  are  but  two  adjustments. 
The  coUimation  adjustment  should  be  made  permanently  by 
the  instrument  maker,  and  need  not  be  disturbed  afterward. 
The  principal  adjustment  consists  in  making  the  axis  of  the  level 
vial  parallel  to  the  line  of  coUimation.  This  relation  should 
be  tested  by  the  following  "  peg  "  method.  Set  the  two  turning 
points  about  100  metres  apart  on  a  fairly  level  stretch.  With  the 
instrument  placed  between  these  points  and  10  metres  from  one 
Ay  read  all  three  wires  on  the  rod  held  at  A.  Then  from  the 
same  HJ.  read  all  three  wires  on  the  distant  point  B,  then  with 
the  instrument  still  between  A  and  B  and  10  metres  from  B  read 
all  three  wires  as  before  on  both  A  and  B,  We  now  have  the 
sum  of  the  two  short  back  sights  —  the  sum  of  the  two  long  fore- 
sights =2£,  where  E  is  the  error  of  adjustment.  If  5-I-/  repre- 
sent the  short  and  l+T  the  long  rod  readings,  this  error  may  be 
stated  thus:  (5-I-5')- (/+/')  =  2£.  Now  if  2E  is  positive,  the 
sum  of  the  long  sights  are  the  greater,  or  the  line  of  sight  is 
inclined  upward.  Therefore  subtract  ^E  from  the  reading  of 
the  middle  wire  on  the  second  long  sight  f ,  and  turn  down  the 
middle  line  of  sight  to  this  corrected  rod  reading  by  means  of 
the  micrometer  screw,  thereby  bringing  it  horizontal.^ 

This  will  cause  the  bubble  to  run  off  centre,  so  with  a  wrench 
turn  the  screw  at  one  end  of  the  bubble  until  the  bubble  again 
returns  to  the  centre.  Its  axis  is  now  horizontal  and  there- 
fore parallel  to  the  middle  line  of  sight.  It  has  been  found 
unnecessary  to  attempt  the  exact  correction  of  this  error.  On 
the  U.  S.  Coast  and  Geodetic  Survey  the  allowable  residual  error 
C  is  expressed  as  a  function  of  the  distance  or  stadia  interval  thus, 

sum  of  near  rod  readings  —  sum  of  distant  rod  readings 

^^  ^s  — ^—  ^ 

sum  of  distant  rod  intervals  —  sum  of  near  rod  intervals 

*  The  effect  of  refraction  and  curvature  should  be  added  to  corrected  rod  read- 
ing for  greater  accuracy. 
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It  has  been  found  that  if  C  is  greater  than  o.oi  the  level  vial 
should  be  adjusted.  The  level  vial  has  been  known  to  stay  in 
adjustment  for  several  weeks  at  a  time.  See  page  703,  for  field 
notes  of  the  above  test. 

The  second  adjustment  consists  in  determining  the  reading 
of  the  micrometer  which  makes  the  axis  of  the  level  perpendicular 
to  the  vertical  axis  of  the  instrument.  This  is  partly  for  con- 
venience in  using  the  instrument.  In  using  the  micrometer 
to  bring  the  bubble  exactly  to  the  centre,  it  is  the  practice  not 
to  move  this  micrometer  more  than  one  complete  turn  from  this 
adjusted  position.  If  more  than  this  is  required  to  level  the 
instrument,  the  levelling  screws  are  used  instead. 

490.  Instnimental  Constants.  In  addition  to  the  four 
adjustments  of  the  precise  wye  level,  the  following  instrumental 
constants  need  to  be  determined,  usually  at  the  beginning  and 
close  of  a  season :  * 

1.  The  angular  value  of  one  division  on  the  bubble  tube. 

2.  The  inequality  in  the  size  of  the  pivot  rings. 

3.  The  angular  value  of  the  wire  interval,  or  the  ratio  of  the 
interceptied  portion  on  the  rod  to  the  distance  of  the  rod  from 
the  instrument. 

4.  Magnifying  power  of  the  telescope. 

5.  The  absolute  lengths  of  the  levelling  rods. 
These  constants  may  be  determined  as  follows: 

First.  The  value  of  one  division  of  the  bubble  may  be  readily 
found  by  sighting  the  telescope  on  the  rod,  which  is  set  at  a  known 
distance  from  the  instnmient,  and  running  the  bubble  from  end 
to  end  of  its  tube,  taking  rod  readings  for  each  position  of  the 
bubble.  The  bubble  graduations  are  supposed  to  be  numbered 
from  the  centre  towards  the  ends. 

Readings  should  be  taken  only  for  extreme  positions  of  the 
bubble,  and  not  for  central  or  intermediate  positions,  as  those 

'  For  a   complete  analysis  of  constants,  see   excellent    paper   by    David    A. 
Molitor,  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  pp.  61-73. 
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would  have  little  weight  m  fixing  the  average  value  of  one  divi- 
sion. To  test  the  uniformity  of  the  curvature  of  the  bubble, 
however,  readings  should  be  taken  for  movements  of  a  single 
division,  back  and  forth,  until  many  rod  readings  have  been 
taken  for  each  bubble  position.  Then  average  rod  readings 
could  be  found  for  average  bubble  positions,  diflFering  by  about 
one  division  only,  and  thence  the  uniformity  of  the  curvature 
of  the  tube  determined. 

Let  El  ^  mean  of  all   the  eye-end  readings  of   the  bubble 
when  it  was  run  to  the  eye  end  of  its  tube; 
£2  =  same  for  bubble  at  object  end  of  tube; 
Ox^mean  of  all  the  object  end  readings  when  bubble 

was  at  eye  end  of  tube; 
02  =  same  for  bubble  at  object  end  of  tube; 
Ri=mean  reading  of  rod  for  bubble  at  eye  end; 
i?2  =  same  for  bubble  at  object  end; 
Z)  =  distance  from  instrument  to  rod; 
i;= value  of  one  division  of  the  bubble   (sine  of  the 
angle)  at  a  unit's  distance. 

^ru                                   «                i?2-i?i  .  . 

Then  ^"-r; — 7^ F — 7^ — (^) 


/£i-Oi     £2-02 


^V      2 
In  seconds  of  arc  we  would  have 


) 


.(inseconds)^— -— ^|L^L____.     .     .     (,) 

D  sm  I 


The  value  of  a  division  of  the  level  can  also  be  most  con- 
veniently and  accurately  determined  by  the  use  of  a  level  trier. 

If  a  table  is  to  be  prepared  for  corrections  to  the  rod  read- 
ings for  various  distances  and  deviations  of  the  bubble  from 
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the  centre  of  its  tube,  then  the  value  as  given  by  equation  (i) 
is  most  convenient  to  use.  The  value  of  one  division  of  a  level 
bubble  should  be  constant,  but  it  is  affected  by  its  rigid  fasten- 
ings, which  change  their  form  from  changes  in  temperature.^ 

A  sensibility  corresponding  to  2"  of  arc  for  2mm.  of  length 
is  commonly  used  at  present.  This  is  from  six  to  ten  times  as 
sensitive  as  ordinary  wye  levels. 

Second.  The  ineqtiality  in  the  size  of  the  rings  is  found  by 
reversing  the  bubble  on  the  rings,  and  also  reversing  the  telescope 
in  the  wyes.     The  bubble  is  reversed  only  in  order  to  eliminate  its 


± zzziii L&::: ^ 


Fig.  253. — The  Inequaliiy  of  the  Rings. 

error  of  adjustment.     Fig.  253  shows  graphically  the  manner  of 

making  the  test.     A  and  A'  are  the  tops  of  the  telescope  wyes. 

In  Fig.  253  let  0  and  e,  0'  and  ^  represent  the  readings  of  the 

object  and  eye  ends  of  the  level  bubble,  direct  and  reversed 

o  —  e 
respectively.     Then   = position   of   centre   of   bubble   when 

o'-e' 

objective  end  is  south,  also = position  of  centre  of  bubble 

2 

when  the  objective  end  is  north.     The  total  angular  change  of 

the  level  due  to  placing  the  larger  ring  where  the  smaller  was 

before,  is  ( )  +  ( ).    This  is  evidently  twice  the  angle 

between   top  and  bottom   elements  of  the  circumscribed  cone 
determined  by  the  rings.     Now  the  angle  desired  is  only  half 


*  See  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  22,  by  David  A.  Moiitor. 
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of  this,  viz.,  the  angle  between  the  tops  of  the  rings  and  the  line 
of  sight,  since  the  latter  is  the  axis  of  the  cone.     Hence  this  incli- 


nation  IS  Jl j-l-( 1. 


If  the  object  end  is  the  larger,  the  line  of  sight  will  be  down- 
ward when  the  upper  surfaces  of  the  rings  are  horizontal.  The 
following  example  will  assist  in  understanding  the  method  of 
making  the  observations  and  the  reductions. 

For  reliable  results  the  instrument  should  be  mounted  on  a 
masonry  pier,  firmly  clamped,  and  the  level  protected  from  the 
sun  and  atmospheric  changes.  The  mean  of  two  or  more  deter- 
minations should  be  taken. 


B 

CBBLB   RbADINUS. 

North, 

South. 

Tel. 

eye  end  north. 

Lev 

direct. 

4.3 

5.5 

( t 

( <          <  i 

( t 

reversed. 

4.7 
9.0 

(-1.7) 

5.2 

10.7 

■ 

—  0.42 

Tel. 

eye  end  south. 

Lev. 

direct. 

6.2 

3.7 

<  < 

« <           ( ( 

« t 

reversed. 

6.6 
12.8 

(+5.8) 
+  1.45 

l-2> 
7-0 

Tel. 

eye  end  north. 

Lev. 

direct. 

4.4 

5-5 

« ( 

( (           ( ( 

i  t 

reversed. 

4.8 
9.2 

(-1.5) 

5.2 

10.7 

-0.38        . 

Mean  reading  north  =  —0.40 
**        south^+i.45 


<  i 


North  minus  s<3Uth    =  —  1.85 


That  is  to  say,  the  bubble  moves  1.85  divisions  toward  the  object 
end  when  the  telescope  is  reversed  in  the  wyes.  This  is  evidentiy 
tttnce  the  inequality  o  fthe  pivot  rings;  and  since  the  axis  of  a 
CQne  is  inclined  to  one  of  its  elements  by  one-half  the  angle  at 
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the  apex,  so  the  line  of  sight  is  inclined  to  the  tops  of  the  rings 
by  one-fourth  of  1.85  divisions,  or  0.46  divisions  of  the  bubble. 
It  is  also  evident  that  the  eye-end  ring  is  the  smaller,  and  that 
therefore  when  the  top  surfaces  of  the  rings  are  horizontal  the 
line  of  sight  inclines  downward  from  the  instrument.  The  cor- 
rection is  therefore  positive.  This  is  called  the  pivot  correction^ 
and  changes  only  with  an  unequal  wear  in  the  pivot  rings. 

Third.  The  angular  value  of  the  wire  interval  is  foimd  by 
measuring  a  base  on  level  ground  of  about  300  feet  from  an 
initial  point  /  in  front  of  the  objective.  This  is  fully  explained 
in  Art.  213.  A  stadia  reduction  table  should  be  prepared  as  in 
Art.  215  if  distances  are  required. 

Fourth.  Determination  of  Magnifying  Power  of  Telescope, 
The  following  method  is  based  on  the  fact  that  the  ratio  of  the 
of  the  size  of  an  object,  as  seen  by  the  unaided  eye  to  the  object 
viewed  through  the  eye-piece  is  the  magnifying  power  of  the 
eye-piece.  The  instrument  is  sighted  at  a  rod  held  as  closely  as 
the  instrument  can  be  accurately  focussed,  and  then  the  portion 
of  the  rod  intercepted  by  the  extreme  wires  is  noted  by  one  eye 
while  the  other  views  the  rod  directly.  Thus  if  the  rod  read 
through  the  eye-piece  was  '"0.47,  and  the  apparent  interval  pro- 
jected on  the  rod  was  2^^.350,  we  have  the  magnifying  power  = 

2.3150  ,. 

— ^=50   diameters.     The   magnifying   power   should   not   be 

47 

less  than  45  diameters  for  the  best  work  with  a  corresf>onding 

objective  of  about  i|  inches. 

Fifth.  Standardization  of  Rod.  The  rods  should  be  com- 
pared with  a  standard  for  total  length  uniformity  of  graduation, 
and  should  have  its  coefficient  of  expansion  determined.  The 
distance  between  the  foot  of  the  rod  and  the  zero  point  of  the 
graduation,  called  the  index  correction,  should  also  be  deter- 
mined and  applied  whenever  the  rod  is  used  an  odd  number  of 
times  between  bench  marks.  The  level  on  the  rod  should  be 
adjusted  so  as  to  indicate  a  vertical  rod. 

It  should  be  noted  that  all  the  corrections,  due  to  either  the 
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constants  or  the  lack  of  adjustments,  are  applied  <m\y  to  the 
excess  of  the  sum  of  the  back-sight  distances  over  the  sum  of  the 
fore- sight  distances;  the  corrections  are  made  out  in  the  form  of 
tables  for  each  metre  of  distance. 

4gi.  Field  Methods.  The  great  accuracy  attained  in  pre- 
cise levelling  is  due  quite  as  much  to  the  methods  used  and  pre- 
cautions taken  in  making  the  observations  as  to  the  instrumental 
means  employed.  Aside  from  errors  of  obser\'ation  and  instru- 
mental errors,  we  have  two  other  general  classes  of  errors,  which 
can  be  avoided  only  by  proper  care  being  used  in  doing  the  work. 
These  two  classes  are  errors  from  unstable  supports  and  cUmos- 
pheric  errors. 

Any  settling  of  the  rod  between  the  fore  and  back  readings 
upon  it  will  result  in  the  final  elevation  being  too  high,  while 
any  settling  of  the  instrument  between  the  back  and  fore  read- 
ings from  it  will  also  result  in  too  high  a  final  elevation.  Such 
errors  are  therefore  cumulative,  but  they  can  be  eliminated  by 
duplicating  the  work  ovei*  the  same  ground  in  the  opposite  direc- 
tion, A  settlement  of  the  instrument  between  back  sight  and 
fore  sight  can  also  be  eliminated  by  taking  every  other  fore  sight 
before  the  corresponding  back  sight.  As  a  general  precaution, 
the  duplicate  line  should  always  be  run  in  the  opposite  direction. 
This  will  result  in  larger  discrepancies  than  if  both  are  run  in 
the  same  direction,  but  the  mean  is  nearer  the  truth. 

Atmospheric  errors  may  come  from  wind,  heated  air-cur- 
rents causing  the  object  sighted  to  tremble  or  **  dance,"  or  from 
variable  refraction.  Even  with  high  winds  the  instrument  may 
be  shielded  by  a  screen  or  tent  without  affecting  the  accuracy 
of  the  work.  To  avoid  the  evil  effects  of  an  unsteady  atmos- 
phere the  length  of  the  sights  is  shortened;  but  when  a  reading 
cannot  be  well  taken  at  a  distance  of  about  150  feet,  or  50  metres, 
it  would  be  better  to  stop,  since  the  errors  arising  from  a  number 
of  stations  occupied  would  make  the  work  poor.  At  about  8 
o'clock  A.M.  and  4  p.m.  very  large  changes  in  the  refraction  have 
been  observed  on  lines  over  ground  which  is  passing  from  sun 
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to  shade,  or  vice  versa,  when  the  image  was  apparently  very 
steady.  It  is  the  present  practice  in  the  U.  S.  Coast  and  Geo- 
detic Survey  parties  to  work  all  day  except  the  noon  hour,  instead 
of  three  or  four  hours  as  was  formerly  the  custom. 

In  making  the  observations  the  bubble  is  brought  exactly 
to  the  centre  of  its  tube,  the  observer  being  able  to  do  this  by 
means  of  the  thumbscrew  under  one  wye,  and  the  mirror  which 
reflects  the  image  of  the  bubble  to  the  observer  at  the  eye-piece. 
If  there  is  no  mirror  to  the  bubble,  then  it  is  brought  approxi- 
mately to  the  centre,  and  the  recorder  reads  it  while  the  observer 
is  reading  the  three  horizontal  wires.  In  any  case  the  bubble 
reading  is  recorded  in  the  note  book,  and  if  it  was  not  in  the 
middle  a  correction  is  made  for  the  eccentric  position  by  means 
of  a  table  prepared  for  the  purpose.  The  mean  of  the  three 
wire  readings  is  taken  as  the  reading  of  that  rod,  the  observer 
estimating  the  tenths  of  the  centimetre  spaces,  thus  reading  each 
wire  tp  the  nearest  millimetre.  The  wires  should  be  about 
equally  spaced  so  that  the  mean  of  the  three  wires  coincides  very 
nearly  with  the  middle  wire.  The  differences  between  the  middle 
and  extreme  wire  readings  are  also  taken  out  to  give  the  distance, 
as  well  as  to  check  the  readings  themselves  by  noting  the  relation 
of  the  two  intervals.  If  they  are  not  about  equal,  then  one  or 
more  of  the  three  readings  is  erroneous.  This  is  a  most 
important  check,  and  constitutes  an  essential  feature  of  the 
method. 

The  instrument  is  always  shaded  from  the  sun^  both  while 
standing  and  while  being  carried  between  stations.  It  is  abso- 
lutely necessary  to  do  this  in  order  to  keep  the  adjustments 
approximately  constant,  and  the  bubble  from  continually  moving. 

The  following  field  notes  will  show  clearly  the  present 
method  of  keeping  notes  in  the  U.  S.  Coast  and  Geodetic  Sur- 
vey:^ 


*  Formerly  a  very  much  more  complicated  but  less  accurate  programme,  was 
used. 
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SPIRIT   LEVELLING 


Date:  June  13,  1910. 

Sun:  Cloudy. 
From  B.M. :  No.  s,  Madison,  Wis. 
Wind.  Light. 


Forward — Backward. 
(Strike  out  one  word.) 
To  B.M.:  No.  6.  U.  W.  Campus. 


No.  of 
Station. 

Thread 
Reading 
Back 
Sight. 

Mean. 

Thread 
Interval 

Sura  of 
Inter- 
vals. 

Rod 

and 

Temp. 

1.518 

B.M.  5 

1-535 

».535 

17 

26 

1.552 

17 

34 

1513 

J. 527 

1.527 

14 

1.542 

15 

29 

36 

I 


Thread 

Reading 

Fore 

Sight. 


Mean. 


I  -445 
I  -345 
1  .245 

I  .706 
I  .606 
1.505 


1.345 


1  .606 


Thread  , 
Interval 


<  Sum  of 
Inter- 


vals. 


100 
100 


100 

lOI 


3  00 


30I 


492.  General  Instructions  for  Precise  Levelling  on  the 

U.  S.  Coast  and  Geodetic  Survey,  i 

1.  Except  when  specific  instructions  are  given  to  proceed  otherwise,  all  lines 
are  to  be  levelled  independently  in  both  the  forward  and  the  backward  direction. 

2.  It  is  desirable  that  the  backward  measurement  on  each  section  should  be 
made  under  different  atmostpheric  conditions  from  those  which  occurred  on  the 
forward  measurement.  It  is  especially  desirable  to  make  the  backward  measure- 
ment in  the  afternoon  if  the  forward  measurement  was  made  in  the  forenoon, 
and  vice  versa.  The  observer  is  to  secure  as  much  difference  of  conditions  between 
the  forward  and  backward  measurements  as  is  possible  without  materially  delay- 
ing the  work  for  that  purpose. 

3.  On  all  sections  upon  which  the  forward  and  backward  measures  differ  by 

more  than  4.0  mm.  Va  (in  which  K  is  the  distance  levelled  between  adjacent 
bench  marks,  in  kilometres),  both  the  forward  and  backward  measures  are  to  be 
repeated  until  two  such  measures  fall  within  the  limit. 

4.  The  programme  of  observation  at  each  station  is  to  be  as  follows: 

Set  up  and  level  the  instrument.  Read  the  three  lines  of  the  diaphragm  as 
seen  projected  against  the  front  (or  rear)  rod,  each  reading  being  taken  to  the 
nearest  millimetre  (estimated),  and  bubble  being  held  continuously  in  the  middle 
of  the  tube  (i.e.,  both  ends  reading  the  same).     As  soon  as  possible  thereafter 


*  Part  of  the  specifications  as  prepared  by  Mr.  John  F.  Hayford,  U.  S.  Coast 
and  Geodetic  Survey. 
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read  the  three  lines  of  the  diaphragm  as  sctn  projected  against  the  rear  (or  front) 
rod,  estimating  to  millimetres  as  before,  and  holding  the  bubble  continuously  in 
the  middle  of  the  tube. 

5.  At  each  rod  station,  the  rod  thermometer  is  to  be  read  and  the  temperature 
recorded. 

6.  At  stations  of  odd  numbers  the  back  sight  is  to  Ije  taken  before  the  fore 
sight,  and  at  the  even  stations  the  fore  sight  is  to  be  taken  before  the  back  sight. 

7.  The  maximum  difference  in  length  between  a  fore  sight  and  the  correspond- 
ing back  sight  is  to  be  10  m.  The  actual  difference  is  to  be  m&de  as  small  on 
each  pair  of  sights  as  is  feasible  by  the  use  of  good  judgment  without  any  expendi- 
ture of  time  for  this  particular  purpose. 

8.  The  recorder  shall  keep  a  record  of  the  rod  intervals  subtended  by  the 
extreme  lines  of  the  diaphragm  on  each  back  sight,  together  with  their  continuous 
sum  between  bench  marks.  A  similar  record  shall  be  kept  for  the  fore  sights. 
The  two  continuous  sums  shall  be  kept  as  nearly  equal  as  is  feasible  without  the 
expenditure  of  extra  time  for  that  purpose  by  setting  the  instrument  beyond  (or 
short  of)  the  middle  point  between  the  back  and  front  rods.  The  two  continuous 
sums  shall  not  be  allowed  to  differ  by  more  than  a  quantity  corresponding  to  a 
distance  of  20  m. 

9.  Once  during  each  day  of  observation  the  error  of  the  level  should  be 
determined  in  the  regular  course  of  the  levelling,  and  recorded  in  a  separate  open- 
ing of  the  record  book  as  follows:  The  ordinary  observations  at  an  instrument 
station  being  completed  transcribe  the  last  fore-sight  reading  as  part  of  the  error 
determination,  call  up  the  back  rod  and  have  it  placed  about  10  metres  back  of 
the  instrument,  read  the  rod,  move  the  instrument  to  a  position  about  10  metres 
behind  the  front  rod,  read  the  front  rod  and  then  the  back  rod.  The  rod  readings 
must  be  taken  with  the  bubble  in  the  middle  of  its  tube.  The  required  constant 
C  to  be  determined,  namely,  the  ratio  of  the  required  correction  to  any  rod  read- 
ing to  the  corresponding  subtended  interval  is 

(sum  of  near  rod  readings)  —  (sum  of  distant  rod  readings) 

C^  • ■ '    '     ■ 

(sum  of  distant  rod  intervals)  —  (sum  of  near  rod  intervals) 

The  level  should  not  be  adjusted  if  C  is  less  than  0.005.  If  a  new  adjustment 
of  the  level  is  made,  C  should  at  once  be  redetermined.  It  is  desirable  to  have 
the  determinations  of  level  error  made  under  the  ordinary  conditions  as  to  length 
of  sight,  character  of  ground,  elevation  of  line  of  sight  about  the  ground,  etc. 

10.  Notes  for  future  use  in  studying  levelling  errors  shall  Ik-  inserted  in  the 
record  indicating  the  time  of  beginning  and  ending  of  the  work  of  each  half  day, 
indicating  the  weather  conditions,  especially  as  to  cloudiness  and  wind,  indicating 
whether  each  portion  of  the  line  is  run  toward  or  away  from  the  sun,  and  such 
other  notes  as  promise  to  be  of  value  in  studying  errors. 
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11.  The  instrument  shall  be  shaded  from  the  direct  rays  of  the  sun  both 
during  the  observations  and  the  movement  from  station  to  station. 

12.  The  maximum  length  of  sight  shall  be  150  metres,  and  the  maximum  is 
to  be  attained  only  under  the  most  favorable  circumstances. 

13.  At  the  beginning  and  end  of  the  season,  and  at  least  twice  each  month 
during  the  progress  of  the  observations,  the  three-metre  interval  between  jnetallic 
plugs  on  the  face  of  each  level  rod  shall  be  measured  carefully  with  a  steel  tape 
which  shall  l)e  used  for  that  purpose  alone. 

493.  Bench  Marks.  These  may  be  of  two  classes,  depend- 
ing upon  whether  they  are  permanent  or  temporary.  The  latter 
may  be  nails  or  spikes  driven  into  telegraph  poles  or  trees,  and 
are  intended  only  for  a  check  on  the  levels.  Permanent  bench 
marks  perpetuate  for  all  time  the  results  of  the  levelling  and 
should  therefore  be  placed  where  they  are  likely  to  be  undisturbed. 
Public  buildings,  especially  if  of  masonry,  stone  or  concrete 
piers  and  abutments  and  ledges  of  rock  or  large  boulders  are 
suitable  places  for  locating  bench  marks.  Where  these  are  not 
available  suitable  cut  stones  may  be  used.  In  every  case  the 
bench  marks  should  be  most  carefully  referenced  and  described 
so  that  a  stranger  could  find  the  points  without  difficulty.  To 
guard  against  the  possibility  of  change,  it  is  usual  to  determine 
two  or  more  B.M's.  in  each  locality.  Permanent  bench  marks 
should  be  placed  at  average  intervals  of  from  one  to  two  miles 
and  at  maximum  intervals  of  ten  miles.  ^ 

494.  {/imits  of  Error.  This  is  usually  expressed  in  terms 
of  the  discrepancy  between  the  forward  and  backward  nm  of 
the  same  section  which  is  allowed  without  rerunning  the  line. 
This  limit  is  as  follows  i^ 

*  For  descriptions  and  elevations  of  16,000  B.M's.  located  in  United  States 
determined  or  adjusted  by  the  U.  S.  Coast  and  Geodetic  Survey  see  Appendix  3, 
Report  U.  S.  Coast  and  Geodetic  Survey  for  1903,  and  special  report  of  1909, 
alt  by  Mr.  John  F.  Hayford,  Asst.  U.  S.  Coast  and  Geodetic  Survey. 

*  These  limits  were  formerly  as  follows  : 

U.  S.  C.  and  G.  S.  before  1899,  ^=*  5  rnm.V2^ 

U.  S.  Lake  Survey  before  1880,  £=  10  ram.VA 

Miss.  River  Commission  before  1892,  £*=»   5  ram.ViC. 
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U.  S.  C.  and  G.  Survey,  4  mm.  Viir= 0.017  ftVmiles 

U.  S.  G.  Survey,  4  mm.VK 

Miss.  River  Commission,  3  mm. \/^= 0.013  ft.  Vmiles 

U.  S.  Lake  Survey  3  mm.  Vif =0.013  ftVmiies 

The  formula  for  the  probable  error  of  the  mean  of  several 

/  S(ie2) 

observations  is  £==  ±.674-%/-— where  R  is  obtained  bysub- 

/  yi  fi{fi—  1) 

tracting  the  mean  from  each  observed  value,  and  n  is  the  number 
of  such  observed  values.^  Where  there  are  but  two  observa- 
tions, as  in  precise  levelling,  this  formula  reduces  to  £=  ±^R, 
where  R  is  the  discrepancy  between  the  two  results. 

The  International  Geodetic  Association  has  fixed  on  the 
following  limits  for  the  probable  error  of  the  mean  result  per 
kilometer:  ±3mm.  per  kilometer  is  tolerable;  ±5  mm.  per 
kilometer  is  too  large;  ±2mm.  per  kilometer  is  fair;  ±1  mm. 
per  kilometer  is  a  very  high  degree  of  precision.  The  U.  S. 
Coast  and  Geodetic  Survey  levelling  since  1900  has  shown  a 
probable  error  between  0.9  nmi.  and  0.6  mm.  per  kilometer, 
this  error  bemg  determined  by  dividing  the  total  discrepancy 
on  the  main  line  by  the  length  of  the  line.^ 

495.  Speed  and  Cost.  Evidently  the  speed  and  cost  of 
levelling  will  vary  considerably,  depending  upon  the  character 
of  the  topography,  the  weather,  number  of  B.M's.  set  and  the 
remoteness  of  the  locality,  etc.  Between  1900  and  19 10  the 
U.  S.  Coast  and  Geodetic  Survey  levelled  about  5000  miles  at 
an  average  speed  of  65  miles  of  computed  line  per  month.  In 
exceptional  cases  i^i  miles  per  month  have  been  run.^    A  speed 


*  See  Appendix  D  for  explanation  of  prol>abIe  error.  It  must  be  kept  in  mind 
that  a  computed  probable  error  is  a  true  measure  of  the  errors  known  a^  com- 
pensating, but  not  the  systematic  or  accumulative  errors. 

*  For  a  tabulation  of  the  accuracy  of  principal  precise  levelling  work  in  United 
States  see  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV,  p.  105,  and  also  p.  iig. 

'  This  corresponds  to  242  miles  of  single  line  per  month,  or  9.7  miles  per  day. 
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of  2.5  miles  per  hour  has  even  been  made,  and  an  average  of 
1.4  miles  of  single  line  per  hour  for  an  entire  month. 

The  cost  of  precise  levelling  by  the  U.  S.  Coast  and  Geodetic 
Sun'^ey  1903-7,  including  B.M's.  averaged  $10.00  per  completed 
mile;  Deep  Water  Survey  (Molitor),  $20.00  per  mile;  U.  S. 
Engineer  Corps,  $19.00  to  $32.00;  Mississippi  River  Conmiission 
averaged  (511  miles)  $15.00;  New  French  levelling,  $10.00 
per  mile;    Germany,  $9.50. 

496.  Adjustment  of  a  Precise  Level  Net.  The  rigid 
least  square  method  (see  Wright's  "  Adjustment  of  Observations  " 
for  complete  exposition,  p.  377)  should  be  used  in  adjusting 
a  large  and  complicated  level  net  like  that  involved  in  the  25,000 
miles  of  precise  levelling  in  the  United  States.^  In  the  case  of 
a  much  simpler  net  all  run  by  same  methods  the  following  method 
should  give  fair  results:  Certain  elevations,  one  or  more  being 
known  at  the  outset,  determine  by  inspection  which  of  the 
unknown  points  has  its  elevation  fixed  by  the  levelling  with  the 
greatest  accuracy.  From  the  two  or  more  lines  connecting 
this  point  most  directly  with  the  points  of  known  elevation  com- 
pute two  or  more  values  for  the  elevation  of  this  point.  Esti- 
mate the  relative  weights  of  these  values  and  compute  the  weighted 
mean  as  the  final  accepted  elevation  of  this  point.  Some  of  the 
factors  which  should  be  considered  in  weighting  the  various  values 
are,  shortness  of  the  path,  closing  error  of  the  circuit  involving 
the  line  in  question;  any  strengthening  of  such  lines  by  connect- 
ing circuits,  etc.  Next  determine  by  inspection  which  of  the 
elevations  still  imknown  is  determined  with  greatest  accuracy, 
obtain  two  or  more  elevations  of  such  point,  take  the  weighted 
mean  as  before  for  the  adopted  elevation  and  repeat  the  process 
till  all  points  are  fixed.  Under*  favorable  circumstances  this 
method  has  been  known  to  give  results  in  close  agreement  with 


*  For  description  of  method  employed  in  working  this  problem,  see  Mr.  John 
F.  Hayford's  discussion  in  1903,  Report  IT.  S.  Coast  and  Geodetic  Survey, 
Appendix  3. 
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those  derived  from  the  least-square  method.^  The  character 
of  the  results  obtained  will  depend  upon  the  judgment  shown 
in  the  above  analysis. 

497.  Elevatioii  of  Mean  Sea  Level.  On  account  of  variation 
in  sea.  level  due  to  tides,  storms,  currents,  and  irregularities  in 
the  shape  of  the  earth  (Art.  387)  the  determination  of  its  mean 
elevation  is  a  diflScult  pwroblem.  An  accurate  solution  involves 
continuous  observations  of  an  automatic  self -registering  tide  gauge 
for  several  years.  The  construction  and  operation  of  a  tide  gauge 
is  discussed  in  Art.  258. 

In  order  that  the  gauge  may  record  the  height  of  the  water 
in  the  open  ocean,  the  tide  gauge  should  be  placed  at  a  locaUty 
free  from  currents  and  from  the  abnormal  piling  up  of  the  water 
due  to  narrow  or  shallow  channels. 

The  following  instance  of  the  variation  in  the  tides  at  St. 
Augustine,  Fla.,  emphasizes  the  errors  introduced  by  using  short 
periods  for  the  determination  of  mean  sea  level.  Although  the 
average  rise  and  fall  is  Jiere  less  than  5  feet,  the  mean  of  the  hourly 
ordinates  for  two  different  lunar  months  differed  by  1.32  feet, 
while  the  mean  of  the  hourly  ordinates  on  one  day  differed  from 
that  of  another  by  3.2  feet. 

REFERENCES  ON  PRECISE  LEVELLING 

1.  David  Molitor.    Adjustments,  Constants,  and  Field  Methods.    Trans. 

Am.  See.  C.  E.,  Vol.  XLV,  pp.  62-81. 

2.  Accuracy  of  Precise  Levels.     Same  reference,  pp.  102-11. 

3.  Speed  and  Cost  of  Precise  Levels.    Trans.  Am.  Soc.  C.  E.,  Vol.  XLV, 

pp.  112,  171,  178. 

4.  Precision  Leveling  in  Argentine  Republic.     Anal.  Sociedad  Cien  Argen., 

Sept.,  Oct.,  and  Nov.,  1906. 

5.  H.  M.  Wilson.     Spirit  Leveling  on  the  U.  S.  Geological  Survey.     Trans. 

Am.  Soc,  Vol.  XXXIX,  1898,  p.  339. 

6.  Cost  and  Speed  of  Precise  Leveling  on  U.  S.  Geological  Survey,  U.  S. 

Coast  and  Geodetic  Survey,  and  U.  S.  Eng.  Corps.     Trans.  Am.  Soc. 
C.  E.,  Vol.  XXXLX,  p.  377. 

*  This  method  was  suggested  by  Mr.  John  F.  Hayford. 


GEODETIC  SURVEYING  709 


7.  Instructions  for  Leveling,  U.  S.  Geological  Survey,  Am.  Soc.  C.  E.,  Vol. 

XXXIX,  p.  377. 

8.  Instruments  and  Methods.     U.  S.  Coast  and  Geodetic  Survey,  before 

1899.  U.  S.  Coast  and  Geodetic  Survey  Reports  for  1879,  p.  202. 
and  1880,  p.  137. 

9.  J.   B.    Johnson.     Sources  of  error   in   Precise   Leveling.     Jour.   Asso. 

Eng.  Soc,  Vol.  II,  p.  152. 

10.  John  F.   Hayford.     Errors  in  Old  U.  S.  Coast  and  Geodetic  Survey 

Levels.     U.  S.  Coast  and  Geodetic  Sur\'ey  Report,  1899. 

11.  History  of  Precise  Leveling  in  Foreign  Countries.     U.   S.   Coast  and 

Geodetic  Survey,  Report  1893,  PP-  307-20. 

12.  Ferguson.     Method  and  Results  and  Cost  of  Precise  Leveling  on  Missis- 

sippi River.  Com.     Jour.  Asso.  of  Eng.  Soc.,  Vol.  XII,  1893,  PP-  350-73- 

13.  U.  S.  Lake  Survey.      Precise  Leveling,  U.  S.  Lake  Survey,  Report  Chief 

Engineer,  U.  S.  A.,  Appendix  OO,  pp.  2426-29. 

14.  E.  G.  Fisher.     The  New  Coast  Survey  Level.     U.  S.  Coast  and  Geodetic 

Survey  Report,  1900,  p.  526.  Also  Trans.  Am.  Soc.  C.  E.,  Vol.  XLV, 
p.  127. 

15.  Precise    Dumpy    Leveling.     Bench-Level    Operations   on    the    Catskill 

Aqueduct  Line.     Eng.  News,  Feb.  20,  1908,  p.  186. 

16.  The  Precise  Level  a  Possible  Successor  to  the  Wye  LeveL    J.  F.  Hayford. 

Eng.  News,  July  2,  1903,  p.  2. 

17.  Experience  of  U.  S.  Geological    Survey  with  the  Prism  Level.     E.  M. 

Douglas.     Methods  and  Cost.     Eng.  News,  May  17,  1906. 

18.  German  Precise  Leveling,     (a)  Eng.  News,  1893,  ^ol.  I,  p.  117.     (b) 

Eng.  News,  1893,  P-  317-20.  (c)  German  Levels.  Andrews.  Trans. 
Am.  Soc.  C.  E.,  Vol.  XXXIX,  p.  407.  (d)  Lectures  on  German 
Geodetic  Surveys.      Zeitschrift  f.  Vermessungswessen,  1888,  pp.  310-- 

25. 

19.  A  Connection  by  Precise  Leveling  between  the  Atlantic    and  Pacific 

Oceans.     J.  F.  Hayford.     Science,  Vol.  XXI,  pp.  673-74,  April  28, 

1905- 

20.  Precise  Level  Operations  on  the  I^s  Angeles   Aqueduct.     C  H.  Lee. 

Eng.  News,  Sept.  17,  1908. 

2 1 .  Use  of  a  Railroad  Rail  as  a  Rod  Support  in  Precise  Leveling.     Eng.  Record, 

April  29,  1905. 


710  SURVEYING 


CHAPTER  XVIII 

PROJECTION    OF    MAPS,    MAP-LETTERING,    AND    TOPO-  . 

GR\PmCAL   SYMBOLS 

I.  PROJECTION   OF   MAPS 

498.  General  Statement.  The  only  absolutely  true  map 
is  a  model  of  the  terrestrial  globe.  But  as  globes  are  too  awk- 
ward for  general  use,  recourse  is  had  to  various  forms  of  work 
projections,  all  of  which  are  representations  of  the  spheroidal 
surface  upon  some  plane  surface. 

The  particular  method  that  should  be  employed  in  repre- 
senting portions  of  the  earth's  surface  on  a  plane  sheet  or  map 
depends,  first,  on  the  extent  of  the  region  to  be  represented; 
second y  on  the  use  to  be  made  of  the  map  or  chart;  and  third , 
on  the  degree  of  accuracy  desired. 

Thus,  a  given  kind  of  projection  may  suffice  for  a  small  region, 
but  the  approximation  may  become  too  inaccurate  when  extended 
over  a  large  area.  It  is  quite  impossible  to  represent  a  spherical 
surface  on  a  plane  without  sacrificing  something  in  the  accuracy 
of  the  relative  distances,  courses,  or  areas;  and  the  use  to  which 
the  chart  is  to  be  put  must  determine  which  of  these  conditions 
should  be  fulfilled  at  the  expense  of  the  others.  A  great  many 
methods  have  been  proposed  and  used  for  accomplishing  various 
ends,  some  of  which  will  be  described. 

499.  Cylinder  Projection.  We  here  imagine  a  right 
cylinder  passed  through  the  middle  parallel  of  the  area  to  be 
mapped  whose  elements  are  parallel  to  the  earth's  axis.  (Fig. 
254.)  This  cutting  cylinder  becomes  a  tangent  cylinder  if  the 
parallel  be  the  equator. 
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The  simplest  form  of  this  projection  is  known  as  the  egui- 
dislant  flat  projection.  Here  the  lengths  of  a  degree  on  all  the 
parallels  and  meridian  are  considered  equal. 

The  result  is  a  great  distortion  as  the  pole  is  approached, 
because  while  the  length  of  a  degree  of  latitude  remains  nearly 
constant  the  length  of  a  degree  of  longitude  dwindles  to  zero. 

Mercator's  iylinder  projection  avoids  this  error  by  increasing 
tfie  distances  between  the  parallels  toward  the  poles  by  the  same 
ratio  that  the  parallels  increase  compared  to  the  equator.  (See 
Fig.  255.)  Because  any  direction  on  this  projection  may  be 
represented  as  a  straight  line  it  is  well  adapted  for  sea  charts. 


I"u:.  254.— CyUnder  Projeciion. 

In  still  another  modification  of  the  cylinder  projection,  some- 
times called  the  rectangular,  the  meridians  are  drawn  as  before, 
straight  and  parallel,  but  the  parallels  are  shown  as  follows: 
A  central  meridian  is  drawn,  and  divided  into  minutes  of  latitude 
according  to  the  value  of  these  at  that  latitude  as  given  in  Table 
VIII.  Through  these  points  of  division  draw  the  parallels  of 
latitude  as  right  lines  perpendicular  to  the  central  meridian. 
On  the  central  parallel  lay  off  the  minutes  of  longitude,  accord- 
ing to  their  value  for  the  given  latitude,  by  Table  VIII.;  and 
through  these  points  of  division  draw  the  other  meridians  paral- 
lel with  the  first. 
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The  largest  error  here  is  in  assuming  the  meridians  to  be 
parallel.  For  the  latitude  of  40^,  two  meridians  a  mile  apart 
will  converge  at  the  rate  of  about  a  foot  per  mile.  A  knowl- 
edge of  this  fact  will  enable  the  draughtsman  to  decide  when 

this  method  is  sufficiently  accurate 
for  his  purpose.  Thus,  for  an 
area  of  10  miles  square,  the  dis- 
tortion at  the  extreme  comers  in 
longitude,  with  reference  to  the 
centre  of  the  maps  as  an  origin 
of  co-ordinates,  will  be  about  25 
feet.  At  the  equator  this  method 
is  strictly  correct. 

In  this  kind  of  projection, 
whether  plotted  from  polar  or 
rectangular  co-ordinates,  or  from 
latitudes  and  longitudes,  all  straight 
lines  of  the  survey,  whether  deter- 
mined by  triangulation  or  run  out 
by  a  transit  on  the  ground,  will  be 
straight  on  the  map;  that  is,  the 
fore  and  back  azimuth  of  a  line  is 
the  same,  or,  in  other  words,  a 
straight  line  on  the  drawing  gives 
a  constant  angle  with  all  the  merid- 
ians. 

This  method  may  be  used  on 
field  sheets,  where  the  survey  has  all 
been  referred  to  a  single  meridian. 
500.  Trapezoidal  Projection. 
Here  the  meridians  are  made  to 
converge  properly,  but  both  they  and  the  parallels  are  straight 
lines.  A  central  meridian  is  first  drawn,  and  graduated  to 
degrees  or  minutes;  and  through  these  points  parallels  are 
drawn,  as  before.    Two  of  these  parallels  are  selected;  one  about 
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Fig.  255. — Mercator's  Cylinder 
Projection. 
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one-fourth  the  height  of  the  map  from  the  bottom,  and  the  other 
the  same  distance  from  the  top.  These  parallels  are  then  sub- 
divided, according  to  their  respective  latitudes,  from  Table 
VIII.;  and  through  the  corresponding  points  of  division  the 
remaining  meridians  are  drawn  as  straight  lines.  The  map  is 
thus  divided  into  a  series  of  trapezoids.  The  parallels  are  per- 
pendicular to  but  one  of  the  meridians.  The  principal  distor- 
tion comes  from  the  parallels  being  drawn  at  straight  lines,  and 
amounts  to  about  32  feet  in  10  miles  in  latitude  40°,  and  is 
nearly  proportional  to  the  square  of  the  distance  east  or  west 
from  the  central  meridian. 

The  work  should  be  plotted  from  computed  latitudes  and 
longitudes.  The  method  is  adapted  to  a  scheme  which  has  a 
system  of  triangulation  for  its  basis,  the  geodetic  position  of 
the  stations  having  been  determined.  These  conditions  would 
be  fulfilled  in  a  State  topographical  or  geological  survey  for  the 
separate  sheets,  each  sheet  covering  an  area  of  not  more  than 
25  miles  square. 

501.  Conic  Projections.  The  conic  projection  is  similar 
to  the  cylinder  projection.  The  tangent  cylinder  is  here  replaced 
by  either  a  tangent  cone,  Fig.  256,  or  an  intersecting  cone.  Fig. 
257.  The  parallels  are  drawn  on  the  surface  of  the  cone  as 
parallel  conic  circles  and  the  meridians  are  drawn  as  straight 
lines. 

In  the  simple  conic  projection  the  apex  of  the  cone  is  taken  in 
the  extended  axis  of  the  earth,  at  such  an  altitude  that  the  cone 
becomes  tangent  to  the  earth's  surface  at  the  middle  parallel 
of  the  map.  When  this  conical  surface  is  developed  into  a  plane, 
the  meridians  are  straight  lines  converging  to  the  apex  of  the 
cone,  and  the  parallels  are  arcs  of  concentric  circles  about  the 
apex  as  the  common  centre. 

The  sheet  is  laid  out  as  follows:  Draw  a  central  meridian, 
and  graduate  it  to  degrees  or  minutes,  according  to  their  true 
values  as  given  in  Table  VIII.  Through  these  points  of  di\a- 
sion  draw  parallel  circular  arcs,  using  the  apex  of  the  cone  as 
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the  common   centre.     For  values  of  the  length  of  the  side  of 
the  tangent  cone,  which  is  the  length  of  the  central  parallel 


Fig.  256. — The  Tangent  Cone. 

above,  see  Table  VIII.     The  rectangular  co-ordinates  of  points 
in  these  curves  are  also  given  in  the  same  table. 


Fig.  257. — The  Intersecting  Cone. 


On  the  middle  parallel  of  the  map  the  degrees  or  minutes 
of  longitude  are  laid  off,  and  through  these  are  drawn  the 
remaining   meridians  as  straight   lines  radiating  from  the  apex 
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of  the  tangent  cone.  It  will  be  seen  that  the  latitudes  are  cor- 
rectly laid  ofif,  and  the  degrees  of  longitude  will  be  sufficiently 
accurate  for  a  map  covering  an  area  of  several  hundred  miles 
square.    The  meridians  and  parallels  are  at  right  angles. 

In  this  projection  the  degrees  of  longitude  on  all  parallels, 
except  the  middle  one,  are  too  great;  and  therefore  the  area 
represented  on  the  map  is  greater  than  the  corresponding  area 
on  the  sphere. 

The  chart  should  be  plotted  from  computed  latitudes  and 
longitudes. 


10        2030405060      70      aO        9Q 


Fig.  258. 


502.  Mercator's  Conic  Projection.  This  is  very  similar 
to  the  above,  except  that  two  parallels,  one  at  one-fourth,  and 
one  at  three-fourths  the  height  of  the  map,  are  properly  grad- 
uated, and  the  meridians  drawn  as  straight  lines  through  these 
points  of  division.  The  parallels  are  drawn  as  concentric  cir- 
cles, as  in  the  simple  conic  projection.  (See  Fig.  258.)  The 
cone  here  is  no  longer  tangent,  but  intersects  the  sphere  in  the 
two  graduated  parallels.  In  this  case  the  region  between  the 
parallels  of  intersection  is  shown  too  .small,  and  that  oustide 
these  lines  is  shown  too  large;  so  that  the  area  of  the  whole  map 
)^nll  correspond  very  closely  to  the  corresponding  area  on  the 
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sphere.  This  projection  is  generally  used  in  atlases  and  geog- 
raphies. When  these  parallels  are  so  selected  that  these  areas 
will  be  to  each  other  exactly  as  the  scale  of  the  drawing,  then  it 
is  called  **  Lambert's  projection."  This  is  accomplished  by 
increasing  the  distances  between  the  parallels  at  such  a  rate  that 
the  areas  included  between  them  and  the  meridians  contain  the 
same  area  as  on  the  sphere. 

503.  B6nne*s  Projection.  This  differs  from  the  simple 
conic  in  this — that  all  the  parallels  are  properly  graduated,  and 
the  meridians  drawn  to  connect  the  corresponding  points  of 
division  in  the  parallels.  These  latter  are,  however,  still  con- 
centric circles.  The  meridians  are  at  right  angles  to  the  paral- 
lels only  in  the  middle  portion  of  the  map.  The  same  scale 
applies  to  all  parts  of  the  chart.  There  is  a  slight  distortion 
at  the  extreme  comers,  from  the  parallels  being  arcs  of  concentric 
circles.  The  proportionate  equality  of  areas  is  preserved.  A 
rhumb-line  appears  as  a  curve;  but  when  once  drawn,  its  length 
may  be  properly  scaled. 

It  will  be  noted  that  the  last  three  methods  involve  the  use 
of  but  one  tangent  or  intersecting  cone. 

504.  The  Poly  conic  Projection.  For  very  large  areas  it 
is  preferable  to  have  each  parallel  the  development  of  the  base 
of  a  cone  tangent  in  the  plane  of  the  given  parallel.  This  pro- 
jection differs  from  Bonne's  only  in  the  fact  that  the  parallels 
are  no  longer  concentric  arcs,  but  each  is  drawn  with  a  radius 
equal  to  the  side  of  the  cone  which  is  tangent  at  that  latitude. 
These,  of  course,  decrease  towards  the  pole;  and  therefore  the 
parallels  diverge  from  each  other  towards  the  edge  of  the  chart. 
The  result  of  this  is  that  a  degree  of  latitude  at  the  side  of  the 
map  is  not  equal  to  a  degree  on  the  central  meridian ;  or,  in  other 
words,  the  same  scale  cannot  be  applied  to  all  parts  of  the  map. 
These  defects  appear,  however,  only  on  maps  representing  very 
large  areas.  The  whole  of  North  America  could  be  represented 
by  this  method  without  any  material  distortion. 

This  method  of  projection  is  exclusively  used  on  the  U.  S. 
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Coast  and  Geodetic  Survey,  and  for  all  other  maps  and  charts 
of  large  areas  m  this  country.  Extensive  tables  are  published 
by  the  War  and  Navy  Departments,  and  also  by  the  Coast  Sur- 
vey,* to  facilitate  the  projection  of  maps  by  the  polyconic  s)rstem. 
Table  VIII.  gives  in  a  condensed  form  the  rectangular  co-ordinates 
of  the  points  of  intersection  of  the  parallels  and  meridians  referred 
to  the  intersection  of  the  several  parallels  with  the  central  merid- 
ian as  the  several  origins. 

The  foUovving  is  a  detail  description  of  the  manner  of  using 
these  tables  to  construct  the  projection  i^ 

"  The  location,  size  and  scale  of  the  projection  having  been 
determined,  draw  a  line  representing  the  parallel  nearest  the 
centre  of  the  sheet,  and  where  it  would  intersect  the  most  central 
meridian  construct  a  perpendicular. 

**  The  number  of  minutes  to  the  extreme  parallel,  above  and 
below  the  middle  one  being  known,  take  out  their  values  from 
the  table  (for  the  latitude  of  the  projection),  under  the  head  of 
*  meridian  arcs  ';  lay  ofif  the  distances  on  the  central  meridian,  and 
with  the  same  values  strike  arcs  at  each  end  of  the  parallel,  above 
and  below;  tangent  to  these  arcs  and  through  the  points  on  the 
meridian  draw  straight  lines,  forming  the  extreme  parallels  of 
the  sheet. 

"  From  the  tables  as  above,  under  the  head  of  '  arcs  of  the 
parallel  in  meters,*  take  out  the  value  corresponding  to  the 
number  of  minutes  east  and  west  of  the  central  meridian,  and 
lay  off  the  distances,  in  subdivisions  of  threes,  on  each  of  the 
three  parallels  constructed,  and  then  subdivide  these  spaces, 
thus  securing  greater  accuracy;  through  the  points  thus  determined 
draw  the  meridians,  which  will  appear  as  straight  lines  except 


*  Tables  for  the  Projection  of  Maps,  Based  upon  the  Polyconic  Projection  of 
Clarke's  Spheroid  of  1866,  and  Computed  from  the  Elquator  to  the  Poles.  Special 
Publication,  No.  5,  U.  S.  Coast  and  Geodetic  Survey,  U.  S.  Govt.  Printing  Office, 
1900. 

'  Authority,  Mr.  E.  H.  Fowler,  Chief  Draftsman,  I'.  S.  Coast  and  Geodetic 
Survey. 
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on  very  small  scales,  where  the  value  of  x  under  the  head  of 
*  co-ordinates  of  curvature'  in  the  Tables  must  be  used.  For 
a  large-scale  projection  (i :  loooo)  the  value  of  y,  under  the  head 
of  '  co-ordinates  of  curvature  *  is  only  applied  to  each  end  of 
the  central  parallel,  perpendicular  to  it,  toward  the  pole,  con- 
necting the  position  with  the  central  meridian  by  a  straight  line; 
but  in  a  small-scale  projection  the  value  is  laid  ofiF  for  each  sub- 
division from  the  central  meridian  and  connected  by  a  curved 
line;  from  this  adjusted  central  parallel  lay  oflF  the  values  for  each 


40  so  00  70  80  90  100  no  120  130  140 

Fig.  259. 

subdivision,  north  and  south,  as  taken  from  the  tables  under  the 
head  ofif  *  meridian  arcs,'  and  through  these  points  draw  the 
various  parallels   to  complete   the   projection." 

Fig.  259  illustrates  the  polyconic  map  on  a  small  scale. 
Plate  I  is  also  a  polyconic  projection  on  a  larger  scale. 

505.  Formulas  Used  in  the  Projection  of  Maps.  The 
fundamental  relations  on  which  the  method  of  polyconic  pro- 
jection rests  are  given  in  the  following  formulas: 

Normal,  being  the  radius  of  curvature 

of    a    section    perpendicular    to    the 

R 
meridian  at  a  given  point iV  = --; .-  •     (0 
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where  R^  is  the  equational  radius, 
e  is  the  eccentricity, 
and  L  is  the  latitude. 

Radius  of  the  meridian     R,n  =  N^  ~^~^      •     •     (2) 

Radius  of  the  parallel Rp  =  N  cos  L    .     .     .     (3) 


Degree  of  the  meridian Dn=--—Rm      ...     (4) 

180 

^^6ooR,n  sin  i". 

Degree  of  the  parallel D^  =  -~Rp      •     •     •     (s) 

180 

=  36ooi?pSin  i". 

Radius  of  the  developed  parallel,  or  side 

of  tangent  cone r^N  cot  L    .     .     .     (6) 

If  n  be  any  arc  of  a  parallel,  in  degrees,  or  any  difference 
of  longitude  from  the  central  meridian  of  the  drawing,  and  if 
6  be  the  corresponding  angle,  in  degrees,  at  the  vertex  of  the 
tangent  cone,  subtended  by  the  developed  parallel,  then,  since 
the  angular  value  of  arcs  of  given  lengths  are  inversely  as  their 
radii,  we  have 

-  =  —  =  sm  L, 
n      r 

or  6  =  nsmL (8) 

Since  the  developed  parallels  are  circular  arcs,  the  rectangu- 
lar co-ordinates  of  any  point  an  angular  distance  of  0  from  the 
central  meridian  is, 

Meridian  distance,  dm='X=r  sin  0 

Divergence  of  parallels,     dp=y=^r\eTsO    \     .     .     (9) 

=jc  tan  \0 


720  SURVEYING 


For  arcs  of  small  extent,  the  parallel  may  be  considered 
coincident  with  its  chord;  but  the  angle  between  the  axis  of  x 
and  the  chord  is  id.  If,  then,  the  length  of  the  arc,  which  is 
nDp,  be  represented  by  the  chord,  we  may  write 

dm  =  meridian  distance         =  jc  =  tiDp  cos  i  /9  1 
and         Jp  =  divergence  of  parallels  =  y  =  nZ>p  sin  i^   j 

If,  now,  (/nii=  meridian  distance  for  i  degree  of  longitude, 
and  Jmn  =»  meridian  distance  for  n  degrees  of  longitude, 

,  d„,n       flDp  cos  ^On 

we  have  - —  = . 

dm\  DpCOS^Oi 

But   d=^n  sin  L,   so  that   ^i  =  i°Xsin  L^^t^^'   for  latitude  40°. 
Therefore 

cos  \0i  =  cos  19'  =  I ,  nearly; 


so  that  -P^  =  n  cos  h(n  sin  L),  nearly.      .     .     .     (11) 

dmi 

For  L  =  3o^j  we  have  sin  L  =  \.     Therefore,  for  latitude  30°, 


dml 


^ w  cos  \;i=n  cos  (o.25n),  nearly. 


If  we  had  obtained  the  meridian  distance,  rfn»,  for  i  degree 
of  longitude,  and  wish  to  obtain  it  for  n  degrees  in  latitude  30°, 
we  have  but  to  multiply  the  distance  for  i  degree  by  n  cos  (o.25n). 

506.  Explanation  of  Table  Vin.  The  meridian  dis- 
tances are  here  given,  at  various  latitudes,  for  a  difference 
of  longitude  of  i  degree.  To  find  the  meridian  distance  for 
any  number  of  degrees  or  parts  of  degrees,  multiply  the  distance 
for  I  degree  by  the  factor  there  given  for  the  given  latitude. 
The  factor  given  in  the  table  for  latitude  30°  is  n  cos  (o.288n), 
in  place  of  n  cos  (0.25W),  as  obtained  above.  The  difference 
is  a  correction  which  has  been  introduced  to  compensate  the 
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error  made  in  assuming  that  the  chord  was  equal  in  length  to  its 
arc.  The  corrected  factors  enable  the  table  to  be  used  without 
material  error  up  to  25  degrees  longitude  either  side  of  the  central 
meridian. 

To  obtain  the  divergence  of  the  parallels  for  .differences  of 
longitude  more  or  less  than  i  degree,  multiply  the  divergence 
for  I  degree  by  the  square  of  the  number  of  degrees.  It  is 
evident  that  this  rule  is  based  on  the  assumption  that  the  arc  of 
developed  parallel  is  a  parabola,  and  so  it  may  be  considered 
for  a  distance  of  25  degrees  either  side  of  the  central  meridian 
between  the  latitudes  30°  and  50°  without  material  error. 

If  the  whole  of  the  United  States  were  projected  by  this 
table,  using  the  factors  given,  to  a  scale  of  i  to  1,500,000,  thus 
giving  a  map  some  8  by  10  feet,  the  maximum  deviation  of  the 
meridians  and  parallels  from  their  true  positions  (which  would 
be  at  the  upper  comers)  would  be  but  about  0.02  inch. 

Thus,  for  a  map  of  this  size,  covering  20  degrees  of  latitude 
and  50  degrees  of  longitude,  the  geodetic  lines  would  have  their 

true  position  within  the  width  of  a 
fine  pencil  line,  by  the  use  of  Table 
VIII.  Fig.  260  will  illustrate  the 
use  of  the  table  in  projecting  a  map 
by  the  polyconic  method.  The 
map  covers  30  degrees  in  latitude 
(30°  to  60°)  and  60  degrees  in 
longitude.  The  straight  line  O3O6 
is  first  drawn  through  the  centre  of 
the  map,  and  graduated  according  to  the  lengths  of  i  degree  of 
latitude,  as  given  in  the  second  column  of  Table  VIII.  Through 
these  points  of  division  the  lines  w'aWa,  are  drawn  in  pencil  at 
right  angles  to  the  central  meridian.  On  these  lines  the  points 
Wi,  W2,  etc.,  are  laid  off  by  the  aid  of  the  first  part  of  Table  VIII. 
This  table  gives  the  meridian  distances  when  n  is  less  than  i 
degree,  as  well  as  when  n  is  greater.  From  the  points  Wi,  W2, 
etc.,  the  divergence  of  the  parallel  is  laid  off  above  the  lines  Ow, 


flit  IKj 


I        Oj     ^\      Wg     m» 
Fio.  260. 
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by  the  aid  of  the  second  portion  of  Table  VIII.,  thus  obtaining 
the  j)ositions  of  the  points  ^i,  p2,  etc.  The  points  p  mark  the 
intersection  of  the  meridians  and  parallels;  and  these  may  be 
drawn  as  straight  lines  between  these  points,  provided  a  sufficient 
number  of  such  points  have  been  located.  The  map  is  then  to 
be  plotted  upon  the  chart  from  computed  latitudes  and  longitudes. 

507.  Summary.  We  have  seen  that  there  are,  in  general, 
two  ways  of  plotting  a  map  or  chart,  and  two  corresponding 
uses  to  which  it  may  be  put: 

First,  We  may  plot  by  a  system  of  plane  co-ordinates,  either 
polar  (azimuth  and  distance)  or  rectangular  (latitudes  and  depar- 
tures). This  gives  a  map  from  which  distance-azimuth  (referred 
to  the  meridian  of  the  map),  and  areas  are  correctly  determined. 

Second.  We  may  plot  the  map  by  computed  latitudes  and 
longitudes,  and  determine  from  it  the  relative  position  of  points 
in  terms  of  their  latitude  and  longitude. 

The  first  sjrstem  is  adapted  to  small  field  sheets  and  detail 
charts  for  which  the  notes  were  taken  by  referring  all  points 
to  a  single  point  and  meridian.  For  this  purpose  the  system 
of  rectangular  projection  should  be  selected,  as  long  as  the  area 
of  the  chart  is  not  more  than  about  100  square  miles.  If 
it  be  larger  than  this,  the  trapezoidal  system  should  be  used. 
In  case  this  is  done,  the  work  is  still  plotted  as  before,  provided 
it  has  all  been  referred  to  a  given  meridian  in  the  field  work, 
and  then  converging  meridians  are  drawn  as  described  above. 
From  such  a  chart,  not  only  the  azimuth  (referred  to  the  central 
meridian)  and  distances  may  be  determined,  but  the  correct  longi- 
tude and  nearly  correct  latitude  are  given. 

In  the  case  of  topographical  charts,  based  on  a  system  of 
triangulation,  each  sheet  is  referred  to  a  meridian  passing 
through  a  triangulatiDn  station  on  that  sheet,  or  near  to  it,  and 
the  rectangular  s)rstem  used. 

In  the  case  of  a  survey  of  a  long  and  narrow  belt,  as  for  a 
river,  railroad,  or  canal,  if  the  survey  was  based  on  a  system  of 
triangulation,   the  convergence  of   meridians  has  been   looked 
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after  in  the  computation  of  the  geodetic  positions  of  these  sta- 
tions, and  each  is  plotted  by  the  rectangular  system,  being  referred 
to  the  meridian  through  the  adjacent^  triangulation  station. 
When  many  of  these  are  combined  into  a  single  map  on  a  small 
scale,  then  they  must  be  plotted  on  the  condensed  map  by  lati- 
tudes and  longitudes,  these  being  taken  from  the  small  rectangu- 
lar projections,  and  plotted  on  the  reduced  chart  in  polyconic 
projection,  the  meridians  and  parallels  having  been  laid  out 
as  shown  above. 

In  case  the  belt  extends  mostly  east  and  west,  and  is  not 
based  on  a  triangulation  scheme,  then  observations  for  azimuth 
should  be  made  as  often  as  every  50  miles.  It  will  not  do  to 
run  on  a  given  azimuth  for  this  distance,  however;  for  there 
has  been  a  change  in  the  direction  of  the  parallel  (or  meridian) 
in  this  distance,  in  latitude  40*^,  of  about  40  minutes.  Accord- 
ing to  the  accuracy  with  which  the  work  is  done,  therefore,  when 
running  wholly  by  back  azimuths,  the  setting  of  the  instrument 
must  be  changed.  Thus,  if  in  going  i  degree  (53  miles),  east 
or  west,  in  latitude  40°,  the  meridian  has  shifted  40  minutes, 
then  in  going  13  miles  east  or  west  the  meridian  has  changed 
10  minutes;  and  this  is  surely  a  sufficiently  large  correction  to 
make  it  worth  while  to  apply  it. 

When  running  west,  this  correction  is  applied  in  the  direc- 
tion of  the  hands  of  a  watch,  and  when  running  east,  in  the 
opposite  direction;  that  is,  having  run  west  13  miles  by  back 
azimuth,  then  the  pointing  which  appears  north  is  really  10 
minutes  west  of  north,  and  the  telescope  must  be  shifted  10 
minutes  around  to  the  right. 

If  the  azimuth  be  corrected  in  this  way,  a  survey  can  be 
carried  by  back  azimuth  an  indefinite  distance,  and  still  have 
the  entire  survey  referred  to  the  true  meridian. 

508.  The  Angle  of  Convergence  of  Meridians  is  the 
angle  0  in  the  equations  given  in  the  above  formula.     Then 

^  =  wsinZ., 
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where  n  is  the  angular  change  in  degrees  of  longitude,  and  L 
is  the  latitude  of  the  place. 

For  L  =  3o°,  sin  L==i;  or,  in  latitude  30°  a  change  of  longi- 
tude of  I  degree  changes  the  direction  of  the  meridian  by  30 
minutes. 

For  L  =  4o°,  sin  L^  0.643;  ^^y  ^  change  of  longitude  of  1 
degree  changes  the  direction  of  the  meridian  by  0.643  ^^  ^ 
minutes,  or  38.6  minutes,  being  approximately  40  minutes. 

For  £  =  50°,  sin  L =0.766;  or,  in  going  east  or  west  i  degree, 
the  meridian  changes  0.766x60  minutes =46  minutes,  or  approxi- 
mately 50  minutes. 

Therefore  we  may  have  the  approximate  rule,  that  a  change 
of  longitude  of  i  degree  changes  the  azimuth  by  as  many 
minutes  as  equals  the  degrees  of  latitude  of  the  place.  This 
rule  results  very  near  the  truth  between  plus  and  minus  40^ 
latitude,  that  is,  over  an  equatorial  belt  80  degrees  in  width. 


n.  Map-Lettertng  and  Topographical  Symbols 

509.  Map-Lettering.  The  best-drawn  map  may  have  its 
appearance  ruined  by  the  poor  skill  or  bad  taste  displayed  in 
the  lettering.  The  letters  should  be  simple,  neat,  and  dignified 
in  appearance,  and  have  their  size  properly  proportioned  to  the 
subject.  The  map  is  lettered  before  the  topographical  sjrmbols 
are  drawn.  When  a  map  is  drawn  for  popular  display,  some 
ornamentation  may  be  allowed  in  the  title;  but  even  then  the 
lettering  on  the  map  itself  should  be  plain  and  simple.  When 
the  map  is  for  official  or  professional  use,  even  the  title  should 
be  made  plain. 

On  Plates  V  and  VI  are  given  several  sets  of  alphabets  which 
are  well  adapted  to  map  work,  taken  from  plates  of  the 
U.  S.  G.  S.  Of  course  the  size  should  vary  according  to  the 
scale  of  the  map  and  the  subject,  as  shown  on  Plates  III  and  J\\ 
It  is  a  good  rule  to-  make  all  words  connected  with  water  in  italics. 
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510.  Topographical  Symbols.^  In  topographical  repre- 
sentation, where  elevations  have  been  taken  sufficiently  numer- 
ous and  accurate,  the  outline  of  the  ground  should  be  repre- 
sented by  contours  rather  than  by  hachures,  or  hill  shading, 
which  simply  gives  an  approximate  notion  of  the  slope  of  the 
ground,  but  no  indication  of  its  actual  elevation.  Where  the 
ground  has  so  steep  a  slope  that  the  contour  lines  would  fall 
one  upon  another,  it  is  well  here  to  put  in  shading-lines.  The 
water  surfaces  and  streams  may  be  water-lined  in  blue,  or  left 
white.  The  contour  lines  over  alluvial  ground  should  be 
brown  (crimson  and  burnt  sienna),  while  those  over  rocky  and 
barren  ground  should  be  in  black.  This  is  a  very  simple  and 
effective  method  of  showing  the  character  of  the  soil.  Plates 
IV  and  VII  show  some  of  the  topographical  symbols  used  by 
the  U.  S.  G.  S.  . 

The  practices  of  the  government  surveys  should  be  followed 
in  the  matter  of  conventional  surface  representation,  such  as 
meadow,  swamp,  woodland,  prairie,  cane-brake,  etc.,  with  all 
their  varieties.  Some  of  these  are  given  in  the  United  States 
Coast  Survey  Report  for  1879  and  1883,  while  Plate  III  shows 
most  of  those  used  on  the  Mississippi  River  Survey. 

Those  shown  on  Plates  III  and  IV  will  serve  as  an  example 
of  the  best  practice. 

*  "  Topographical  Drawing,"  by  Lieut.  Smith,  published  by  John  Wiley  & 
Sons,  is  an  excellent  text  on  this  subject. 
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APPENDIX  A 

THE  JUDICIAL  FUNCTIONS   OF  SURVEYORS 

BY  JUSTICE  COOLEY  OP  THE  MICHIGAN  SUPREME  COURT 

When  a  man  has  had  a  training  in  one  of  the  exact  sciences,  where 
every  problem  within  its  purview  is  supposed  to  be  susceptible  of  accu- 
rate solution,  he  is  likely  to  be  not  a  httle  impatient  when  he  is  told 
that  under  some  circtimstances  he  must  recognize  inaccuracies,  and 
govern  his  action  by  facts  which  lead  him  away  from  the  results  which 
theoretically  he  ought  to  reach.  Observation  warrants  us  in  saying  that 
this  remark  may  frequently  be  made  of  surveyors. 

In  the  State  of  Michigan  all  our  lands  are  supposed  to  have  been 
surveyed  once  or  more,  and  permanent  monuments  fi:^ed  to  determine 
the  botmdaries  of  those  who  should  become  proprietors.  The  United 
States,  as  original  owner,  caused  them  all  to  be  surveyed  once  by  sworn 
officers,  and  as  the  plan  of  subdivision  was  simple,  and  was  uniform  over 
a  large  extent  of  territory,  there  should  have  been,  with  due  care,  few  or 
no  mistakes;  and  long  rows  of  monuments  should  have  been  perfect 
guides  to  the  place  of  any  one  that  chanced  to  be  missing.  The  truth 
unfortimately  is  that  the  lines  were  very  carelessly  nm,  the  monuments 
inaccurately  placed;  and,  as  the  recorded  witnesses  to  these  were  many 
times  wanting  in  permanency,  it  is  often  the  case  that  when  the  monu- 
ment was  not  correctly  placed  it  is  impossible  to  determine  by  the  record, 
with  the  aid  of  anythmg  on  the  groimd,  where  it  was  located.  The  incor- 
rect record  of  course  Incomes  worse  than  useless  when  the  witnesses  it 
refers  to  have  disappeared. 

It  is,  perhaps*  generally  supposed  that  our  town  plats  were  more 
accurately  surveyed,  as  indeed  they  should  have  been,  iof  in  general 
there  can  have  been  no  difficulty  in  making  them  sufficiently  per^ct  for 
all  practical  purposes.  Many  of  them,  however,  were  laid  out  in  the 
woods;  some  of  them  by  proprietors  themselves.  Without  either  chain  or 
compass,  and  some  by  imperfectly  trained  surveyors,  who,  when  land 
was  cheap,  did  not  appreciate  the  importance  of  naving  correct  lines  to 
determine  boundaries  when  land  should  become  dear.  The  fact  prob- 
ably is  that  town  surveys  are  quite  as  inaccurate  as  those  made  under 
autnority  of  the  general  government. 

It  is  now  upwards  of  fifty  years  since  a  major  part  of  the  public 
surveys  in  what  is  now  the  State  of  Michigan  were  made  imder  autnority 
of  the  United  States.  Of  the  lands  south  of  Lansing,  it  is  now  forty 
years  since  the  major  part  were  sold  and  the  work  of  improvement 
Degun.    A  generation  has  passed  away  since  they  were  converted  into 
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cultivated  farms,  and  few  if  any  of  the  original  comer  and  (juarter  stakes 
now  remain. 

The  comer  and  quarter  stakes  were  often  nothing  but  green  sticks 
driven  into  the  ground.  Stones  might  be  put  arotmd  or  over  these  if 
they  were  handy,  but  of  ten  they  were  not,  and  the  witness  trees  must  be 
relied  upon  after  the  stake  was  gone.  Too  often  the  first  settlers  were 
careless  in  fixing  their  lines  with  accuracy  while  monuments  remained, 
and  an  irregular  brush  fence,  or  something  equally  imtrustworthy,  may 
have  been  relied  upon  to  keep  in  mind  where  the  blazed  line  once  was. 
A  fire  running  through  this  might  sweep  it  away,  and  if  nothing  w^ere 
substituted  in  its  place,  the  adjoining  proprietors  might  in  a  few  years 
be  found  disputing  over  their  Imes,  ana  p>erhaps  rushing  into  litigation, 
as  soon  as  they  had  occasion  to  cultivate  the  land  along  the  boundary. 

If  now  the  disputing  parties  call  in  a  surveyor,  it  is  not  likely  that  any 
one  summoned  would  doubt  or  question  that  his  duty  was  to  find,  rf 
possible,  the  place  of  the  original  stakes  which  determined  the  boundary 
line  between  the  proprietors.  However  erroneous  may  have  been  the 
original  survey,  the  montunents  that  were  set  must  nevertheless  govern, 
even  though  the  effect  be  to  make  one  half-quarter  section  ninety  acres 
and  the  one  adjoining  but  seventy;  for  parties  buy  or  are  supposed  to 
buy  in  reference  to  those  monuments,  and  are  entitled  to  what  is  within 
their  lines,  and  no  more,  be  it  more  or  less.  Mclver  v.  Walker,  4  Whea- 
ton's  Reports,  444;  Land  Co.  v.  Saunders,  103  U.  S.  Reports,  316;  Cot- 
tingham  v.  Parr,  93  111.  Reports,  233;  Bimton  v,  Cardwell,  53  Texas 
Reports,  408;  Watson  v.  Jones,  85  Penn.  Reports,  117. 

While  the  witness  trees  remain  there  can  generally  be  no  difficulty  in 
determining  the  locality  of  the  stakes.  When  the  witness  trees  are 
gone,  so  that  there  is  no  longer  record  evidence  of  the  monuments,  it  is 
remarkable  how  many  there  are  who  mistake  altogether  the  duty  that 
now  devolves  upon  the  surveyor.  It  is  by  no  means  uncommon  that  we 
find  men  whose  theoretical  education  is  supposed  to  make  them  experts 
who  think  that  when  the  monuments  are  gone,  the  onlv  thing  to  be  done 
is  to  place  new  monuments  where  the  old  ones  should  have  been,  and 
where  they  would  have  been  if  placed  correctly.  This  is  a  serious  mis- 
take. The  problem  is  now  the  same  that  it  was  before;  to  ascertain,  by 
the  best  lignts  of  which  the  case  admits,  where  the  original  lines  were. 
The  mistake  above  alluded  to  is  supposed  to  have  found  expression  in 
our  legislation;  though  it  is  possible  that  the  real  intent  of  the  act  to 
which  we  shall  refer  is  not  what  is  commonly  supp)osed. 

An  act  passed  in  1869,  Compiled  Laws,  §  593,  amending  the  laws 
respecting  the  duties  and  powers  of  county  surveyors,  after  providing 
for  the  case  of  comers  whicn  can  be  identified  bv  the  original  neld  notes 
or  other  unquestionable  testimony,  directs  as  follows:  * 

**  Second.  Extinct  interior-section  comers  must  be  re-established  at 
the  intersection  of  two  right  lines  joining  the  nearest  known  points  on 
the  original  section  lines  east  and  west  and  north  and  south  of  it. 

•*  Third.  Any  extinct  quarter-section  comer,  except  on  fractional 
lines,  must  be  re-established  equidistant  and  in  a  right  line  between  the 
section  comers;  in  all  other  cases  at  its  proportionate  distance  between 
the  nearest  original  comers  on  the  same  line.  * 


'  For  the  U.  S.  rules  governing  this  subject,  sec  Appendix  I,  page  817. 
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The  comers  thus  determined,  the  surveyors  are  required  to  perpetuate 
by  noting  bearing  trees  when  timber  is  near. 

To  estimate  properly  this  legislation,  we  must  start  with  the  admitted 
and  unquestionable  fact  that  each  purchaser  from  government  bought 
such  land  as  was  within  the  original  boundaries,  and  uncjuestionably 
owned  it  up  to  the  time  when  the  monuments  became  extinct.  If  the 
monument  was  set  for  an  interior-section  corner,  but  did  not  happen  to 
be  "at  the  intersection  of  the  two  right  lines  joining  the  nearest  known 
points  on  the  original  section  lines  east  and  west  and  north  and  south 
of  it,"  it  nevertheless  determined  the  extent  of  his  possessions,  and  he 
gained  or  lost  according  as  the  mistake  did  or  did  not  favor  him. 

It  will  probably  be  admitted  that  no  man  loses  title  to  his  land  or  any 
part  thereof  merely  because  the  evidences  become  lost  or  uncertain.  It 
may  become  more  difficult  for  him  to  establish  it  as  against  an  adverse 
claimant,  but  theoretically  the  right  remains;'  and  it  remains  as  a  poten- 
tial fact  so  long  as  he  can  present  better  evidence  than  any  other  person. 
And  it  may  often  happ)en  that,  notwithstanding  the  loss  of  all  trace  of  a 
.section  comer  or  quarter  stake,  there  will  still  be  evidence  from  which 
any  surveyor  will  be  able  to  determine  with  almost  absolute  certainty 
where  the  original  boundary  was  between  the  government  subdivisions. 

There  are  two  senses  in  which  the  word  extinct  may  be  used  in  this 
connection:  one  of  the  sense  of  physical  disappearance;  the  other  the 
sense  of  loss  of  all  reliable  evidence.  If  the  statute  speaks  of  extinct 
comers  in  the  former  sense,  it  is  plain  that  a  serious  mistake  was  made 
in  supposing  that  surveyors  could  be  clothed  with  authority  to  establish 
new  comers  by  an  arbitrary  rule  in  such  cases.  As  well  might  the 
statute  declare  that  if  a  man  lose  his  deed  he  shall  lose  his  land  altogether. 

But  if  by  extinct  comer  is  meant  one  in  respect  to  the  actual  location 
of  which  all  reliable  evidence  is  lost,  then  the  following  remarks  are  pert- 
inent : 

1.  There  would  undoubtedly  be  a  presumption  in  such  a  case  that 
the  comer  was  correctly  fixed  by  the  government  surveyor  where  the 
field  notes  indicated  it  to  be. 

2.  But  this  is  only  a  presumption,  and  may  be  overcome  by  any  satis- 
factory evidence  showing  that  in  fact  it  was  placed  elsewhere. 

%.  No  statute  can  confer  upon  a  coimty  surveyor  the  power  to  "  estab- 
lish *  comers,  and  thereby  bind  the  parties  concerned.  Nor  is  this  a 
question  merely  of  conflict  between  State  and  Federal  law;  it  is  a  ques- 
tion of  property  right.  The  original  surveys  must  govern,  and  the  laws 
under  which  they  were  made  must  govern,  because  the  land  was  bought 
in  reference  to  them;  and  any  legislation,  whether  State  or  Federal, 
that  should  have  the  effect  to  change  these,  would  be  inoperative, 
because  disturbing  vested  rights. 

4.  In  any  case  of  disputed  lines,  unless  the  parties  concerned  settle 
the  controversy  hy  agreement,  the  determination  of  it  is  necessarily  a 
judicial  act,  and  it  must  proceed  upon  evidence,  and  give  full  oppor- 
tunity for  a  hearing.  No  arbitrary  rules  of  survey  or  of  evidence  can 
be  laid  down  whereby  it  can  be  adjudged. 

The  general  duty  of  a  surveyor  in  such  a  case  is  plain  enough.  He 
is  not  to  assume  that  a  monument  is  lost  until  after  he  has  thoroughly 
sifted  the  evidence  and  foimd  himself  unable  to  trace  it.  Even  then  he 
should  hesitate  long  before  doing  anything  to  the  disturbance  of  settled 
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possessions.  Occupation,  especially  if  long  continued,  often  affords  very 
satisfactory  evidence  of  the  original  boundary  when  no  other  is  attain- 
able: and  the  surveyor  should  inquire  when  it  originated,  how,  and  why 
the  lines  were  then  located  as  they  were,  and  whether  a  claim  of  title 
has  always  accompanied  the  possession,  and  give  all  the  facts  due  force 
as  evidence.  Unfortunately,  it  is  known  that  surveyors  sometimes,  in 
supposed  obedience  to  the  State  statute,  disregard  all  evidences  of  occu- 
pation and  claim  of  title,  and  plunge  whole  neighborhoods  into  cjuarrels 
and  litigation  by  assuming  to  "establish"  comers  at  points  with  which 
the  previous  occupation  cannot  harmonize.  It  is  often  the  case  that 
where  one  or  more  corners  are  found  to  be  extinct,  all  parties  concerned 
have  acquiesced  in  lines  which  were  traced  by  the  guidance  of  some 
other  comer  or  landmark,  which  may  or  may  not  have  been  trustworthy ; 
but  to  bring  these  lines  into  discredit  when  the  people  concerned  do  not 
question  them  not  only  breeds  trouble  in  the  neighborhood,  but  it  must 
often  subject  the  surveyor  himself  to  annoyance  and  perhaps  discredit, 
since  in  a  legal  controversy  the  law  as  well  as  common  sense  must  declare 
that  a  supposed  boundary  line  long  acquiesced  in  is  better  evidence  of 
where  the  real  line  should  be  than  any  survey  made  after  the  original 
monuments  have  disappeared.  Stewart  v.  Carleton,  31  Mich.  Reports, 
270;  Diehl  V.  Zanger,  39  Mich.  Reports,  601;  Dupont  v.  Starring,  42 
Mich.  Reports,  492.  And  county  surveyors,  no  more  than  any  others, 
can  conclude  parties  by  their  surveys. 

The  mischiefs  of  overlooking  the  facts  of  possession  must  often  appear 
in  cities  and  villages.  In  towns  the  block  and  lot  stakes  soon  disappear; 
there  are  no  witness  trees  and  no  monuments  to  govern  except  such  as 
have  been  put  in  their  places,  or  where  their  places  were  supposed  to  be. 
The  streets  are  likely  to  be  soon  marked  off  by  fences,  and  the  lots  in  a 
block  will  be  measured  off  from  these,  without  looking  farther.  Now  it 
may  perhaps  be  known  in  a  particular  case  that  a  certain  moniunent  still 
remaining  was  the  starting  point  in  the  original  survey  of  the  town 
plat;  or  a  surveyor  settling  m  the  town  may  take  some  central  point 
as  the  point  of  departure  in  his  surveys,  and  assuming  the  original  plat 
to  be  accurate,  he  will  then  undertake  to  find  ail  streets  and  sdl  lots  by 
course  and  distance  according  to  the  plat,  measuring  and  estimating 
from  his  point  of  departure.  This  procedure  might  unsettle  every  line 
and  every  monument  existing  by  acquiescence  in  the  town;  it  would  be 
very  likely  to  change  the  lines  of  streets,  and  raise  controversies  every- 
where. Yet  this  is  what  is  sometimes  done;  the  surveyor  himself  being 
the  first  person  to  raise  the  disturbing  questions. 

Suppose,  for  example,  a  particular  village  street  has  been  located  by 
acquiescence  and  use  for  many  years,  and  the  proprietors  in  a  certain 
block  have  laid  off  their  lots  in  reference  to  this  practical  location. 
Two  lot  owners  quarrel,  and  one  of  them  calls  in  a  surveyor  that  he 
may  be  sure  that  his  neighbor  shall  not  get  an  inch  of  land  from  him. 
This  surveyor  undertakes  to  make  his  survey  accurate,  whether  the 
original  was,  or  not,  and  the  first  result  is,  he  notifies  the  lot  owners  that 
there  is  error  in  the  street  line,  and  that  all  fences  should  be  moved,  say, 
one  foot  to  the  east.  Perhaps  he  goes  on  to  drive  stakes  through  the 
block  according  to  this  conclusion.  Of  course,  if  he  is  right  in  doing  this, 
all  lines  in  the  village  will  be  imsettled;  but  we  will  limit  our  attention 
to  the  single  block.     It  is  not  likely  that  the  lot  owners  generally  will 
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allow  the  new  survey  to  unsettle  their  possessions,  but  there  is  always 
a  probability  of  finding  someone  disposed  to  do  so.  We  shall  then 
have  a  lawsuit;  and  with  what  result? 

It  is  a  common  error  that  lines  do  not  become  fixed  by  acauiescence 
in  a  less  time  than  twenty  years.  In  fact,  by  statute,  road  lines  may 
become  conclusively  fixed  in  ten  years;  and  there  is  no  particular  time 
that  shall  be  required  to  conclude  private  owners,  where  it  appears  that 
they  have  accepted  a  particular  line  as  their  boimdary,  and  all  concerned 
have  cultivated  and  claimed  up  to  it.  McNamara  v.  S^aton,  82  111. 
Reports,  498;  Bunce  xk  Bidwell,  43  Mich.  Reports,  ^42.  Public  policy 
requires  that  such  lines  be  not  lightly  disturbed,  or  disturbed  at  all  sifter 
the  lapse  of  any  considerable  time.  The  litigant,  therefore,  who  in  such 
a  case  pins  his  faith  on  the  surveyor,  is  likely  to  suffer  for  his  reliance, 
and  the  surveyor  himself  to  be  mortified  by  a  result  that  seems  to 
impeach  his  judgment. 

Of  course  nothing  in  what  has  been  said  can  require  a  surveyor  to 
conceal  his  own  juogment,  or  to  report  the  facts  one  way  when  he 
believes  them  to  be  another.  He  has  no  ri^ht  to  mislead,  and  he  niay 
rightfully  express  his  opinion  that  an  origmal  monument  was  at  one 
place,  when  at  the  same  time  he  is  satisfied  that  acquiescence  has  fixed 
the  right  of  parties  as  if  it  were  at  another.  But  he  would  do  mischief 
if  he  were  to  attempt  to  ** establish"  monuments  which  he  knew  would 
tend  to  disturb  settled  rights;  the  farthest  he  has  a  right  to  go,  as  an 
officer  of  the  law,  is  to  express  his  opinion  where  the  monument  should 
be,  at  the  same  time  that  he  imparts  the  information  to  those  who 
employ  him,  and  who  might  otherwise  be  misled,  that  the  same  authority 
that  makes  him  ,an  officer  and  entrusts  him  to  make  surveys,  also  allows 
parties  to  settle  their  own  boundary  lines,  and  considers  acquiescence  in 
a  particular  line  or  monument,  for  any  considerable  period,  as  strong,  if 
not  conclusive,  evidence  of  such  settlement.  The  peace  of  the  com- 
munity absolutely  requires  this  rule.  Joyce  v.  Williams,  26  Mich. 
Reports,  332.  It  is  not  long  since  that,  in  one  of  the  leading  dties  of  the 
State,  an  attempt  was  made  to  move  houses  two  or  three  rods  into  a 
street,  on  the  ground  that  a  survey  under  which  the  street  had  been 
located  for  many  years  had  been  found  on  more  recent  survey  to  be 
erroneous. 

From  the  foregoing  it  will  appear  that  the  duty  of  the  surveyor  where 
boundaries  are  in  dispute  must  be  varied  by  the  circumstances,  i.  He 
is  to  search  for  original  monuments,  or  for  the  places  where  they  were 
originally  located,  and  allow  these  to  control  if  he  finds  them,  unless  he 
has  reason  to  believe  that  agreements  of  the  parties,  express  or  implied, 
have  rendered  them  unimportant.  By  monuments  in  the  case  of  govern- 
ment surveys  we  mean  01  course  the  comer  and  quarter  stakes:  blazed 
lines  or  marked  trees  on  the  lines  are  not  monuments;  they  are  merely 
guides  or  finger-posts,  if  we  may  use  the  expression,  to  inform  us  with 
more  or  less  accuracy  where  the  monuments  may  be  found.  2.  If  the 
original  monuments  are  no  longer  discoverable,  the  question  of  location 
becomes  one  of  evidence  merely.  It  is  merely  idle  for  any  State  statute 
to  direct  a  surveyor  to  locate  or  "establish"  a  comer,  as  the  place  of 
the  original  monument,  according  to  some  inflexible  rule.  The  surveyor, 
on  the  other  hand,  must  inquire  into  all  the  facts:  giving  due  prominence 
to  the  acts  of  parties  concerned,  and  always  keeping  in  mind,  firsts 
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that  neither  in  his  opinion  nor  his  survey  can  be  conclusive  upon  parties 
concerned;  second,  that  courts  and  juries  may  be  refjuired  to  follow 
after  the  surveyor  over  the  same  ground,  ana  that  it  is  exceedingly 
desirable  that  he  govern  his  action  by  the  same  lights  and  rules  that 
will  govern  theirs.  On  town  plats  if  a  surplus  or  deficiency  appears  in 
a  block,  when  the  actual  boimdaries  are  compared  with  the  original 
figures,  and  there  is  no  evidence  to  fix  the  exact  location  of  the  stakes 
wnich  marked  the  division  into  lots,  the  rule  of  common  sense  and  of 
law  is  that  the  surplus  or  deficiency  is  to  be  apportioned  between  the 
lots,  on  an  assumption  that  the  error  extended  alike  to  all  parts  of  the 
block.  O'Brien  v.  McGrane,  29  Wis.  Reports,  446;  Quinnin  v,  Reixers, 
46  Mich.  Reports,  60^. 

It  is  always  possible  when  comers  are  extinct  that  the  surveyor  may 
usefully  act  as  a  mediator  between  parties,  and  assist  in  preventmg  legal 
controversies  by  settling  doubtful  lines.  Unless  he  is  made  for  this 
purp>ose  an  arbitrator  by  legal  submission,  the  parties,  of  course,  even 
if  they  consent  to  follow  his  judgment,  cannot,  on  the  basis  of  mere  con- 
sent, be  compelled  to  do  so;  but  if  he  brings  about  an  agreement,  and 
they  carry  it  into  effect  by  actually  conforming  their  occupation  to  his 
lines,  the  action  will  conclude  them.  Of  course  it  is  desirable  that  all 
such  agreements  be  reduced  to  writing:  but  this  is  not  absolutely  indis- 
pensable if  they  are  carried  into  effect  without. 

Meander  Ltnes.  The  subject  to  which  allusion  will  now  be  made  is 
taken  up  with  some  reluctance,  because  it  is  believed  the  general  rules 
are  familiar.  Nevertheless  it  is  often  found  that  surveyors  misapprehend 
them,  or  err  in  their  application;  and  as  other  interesting  topics  are 
somewhat  connected  with  this,  a  little  time  devoted  to  it  will  probably 
not  be  altogether  lost.  The  subject  is  that  of  meander  lines.  These 
are  lines  traced  along  the  shores  of  lakes,  ponds,  and  considerable  rivers 
as  the  measures  of  quantity  when  sections  are  made  fractional  by  such 
waters.  These  have  determined  the  price  to  be  paid  when  government 
lands  were  bought,  and  perhaps  the  impression  still  lingers  in  some 
minds  that  the  meander  lines  are  boundary  lines,  and  all  in  front  of 
them  remains  unsold.  Of  course  this  is  erroneous.  There  was  never 
any  doubt  that,  except  on  the  large  navigable  rivers,  the  boundary  of  the 
owners  of  the  banks  is  the  middle  line  of  the  river;  and  while  some 
courts  have  held  that  this  was  the  rule  on  all  fresh- water  streams,  large 
and  small,  others  have  held  to  the  doctrine  that  the  title  to  the  bed  of 
the  stream  below  low-water  mark  is  in  the  State,  while  conceding  to  the 
owners  of  the  banks  all  riparian  rights.  The  practical  difference  is  not 
very  important.  In  this  State  the  rule  that  the  centre  line  is  the  bound- 
ary line  is  applied  to  all  our  great  rivers,  including  the  Detroit,  varied 
somewhat  by  the  circumstance  of  there  being  a  distinct  channel  for 
navigation  in  some  cases  with  the  stream  in  the  main  shallow,  and  also 
sometimes  bv  the  existence  of  islands. 

The  troublesome  (questions  for  surveyors  present  themselves  when  the 
boimdary  line  between  two  contiguous  estates  is  to  be  continued  from 
the  meander  line  to  the  centre  line  of  the  river.  Of  course  the  original 
survey  supposes  that  each  purchaser  of  land  on  the  stream  has  a  water 
front  of  the  length  shown  by  the  field  notes;  and  it  is  presumable  that 
he  bought  this  particular  land  because  of  that  fact.  In  many  cases  it 
now  happens  that  the  meander  line  is  left  some  distance  from  the  shore 
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by  the  gradual  change  of  course  of  the  stream  or  diminution  of  the  flow 
oi  water.  Now  the  dividing  line  between  two  government  subdivisions 
might  strike  the  meander  line  at  right  angles,  or  obliquely;  and  in  some 
cases,  if  it  were  continued  in  the  same  direction  to  the  centre  line  of  the 
river,  might  cut  off  from  the  water  one  of  the  subdivisions  entirely,  or  at 
least  cut  it  off  from  any  privilege  of  navigation,  or  other  valuable  use 
of  the  water,  while  the  other  might  have  a  water  front  much  greater 
than  the  length  of  a  line  crossing  it  at  right  angles  to  its  side  lines. 
The  effect  might  be  that,  of  two  government  subdivisions  of  equal  size 
and  cost,  one  would  be  of  very  great  value  as  water-front  property,  and 
the  other  comparatively  valueless.  A  rule  which  would  produce  this 
result  would  not  be  just,  and  it  has  not  been  recognized  in  the  law. 

Nevertheless  it  is  not  easy  to  determine  what  ought  to  be  the  correct 
rule  for  every  case.  If  the  river  has  a  straight  course,  or  one  nearly  so, 
every  man's  equities  will  be  preserved  by  this  rule:  Extend  the  line  of 
division  between  the  two  parcels  from  the  meander  line  to  the  centre 
line  of  the  river,  as  nearly  as  possible  at  right  angles  to  the  general  course 
of  the  river  at  that  point.  This  will  preserve  to  each  man  the  water 
front  which  the  field  notes  indicated,  except  as  changes  in  the  water  may 
have  affected  it,  and  the  only  inconvenience  will  be  that  the  division 
line  between  different  subdivisions  is  likely  to  be  more  or  less  deflected 
where  it  strikes  the  meander  line. 

This  is  the  legal  rule,  and  it  is  not  limited  to  government  surveys, 
but  applies  as  well  to  water  lots  which  appear  as  such  on  town  plats. 
Bay  City  Gas  Light  Co.  v.  The  Industrial  Works,  28  Mich.  Reports,  182. 
It  often  happens,  therefore,  that  the  lines  of  city  lots  bounded  on 
navigable  streams  are  deflected  as  they  strike  the  bank,  or  the  line 
where  the  bank  was  when  the  town  was  first  laid  out. 

When  the  stream  is  very  crooked,  and  especially  if  there  are  short 
bends,  so  that  the  foregoing  rule  is  incapable  of  stnct  application,  it  is 
sometimes  very  difficult  to  determine  what  shall  be  done;  and  in  many 
cases  the  surveyor  may  be  imder  the  necessity  of  working  out  a  rule  for 
himself.  Of  course  his  action  cannot  be  conclusive;  but  if  he  adopts 
one  that  follows,  as  nearly  as  the  circumstances  will  admit,  the  general 
rule  above  indicated,  so  as  to  divide  as  near  as  may  be  the  bed  of  the 
stream  among  the  adjoining  owners  in  proportion  to  their  lines  upon  the 
shore,  his  division,  being  that  of  an  expert,  made  upon  the  groimd  and 
with  all  available  lights,  is  likely  to  be  adopted  as  law  for  the  case. 
Judicial  decisions,  into  which  the  surveyor  would  find  it  prudent  to  look 
imder  such  circumstances,  will  throw  light  upon  his  duties  and  may 
constitute  a  sufficient  guide  when  peculiar  cases  arise.  Each  riparian  lot 
owner  ought  to  have  a  line  on  the  legal  boundary,  namely,  the  centre  line 
of  the  stream,  proportioned  to  the  length  of  his  Ime  on  the  shore;  and  the 
problem  in  each  case  is,  how  this  is  to  be  given  him.  Alluvion,  when  a 
river  imperceptibly  changes  its  course,  will  be  apportioned  by  the  same 
rules. 

The  existence  of  islands  in  a  stream,  when  the  middle  line  constitutes 
a  botmdary,  will  not  affect  the  apportionment  unless  the  islands  were 
surveyed  out  as  government  subdivisions  in  the  original  admeasurement. 
Wherever  that  was  the  case,  the  purchaser  of  the  island  divides  the  bed 
of  the  stream  on  each  side  with  the  owner  of  the  bank,  and  his  rights 
also  extend  above  and  below  the  solid  ground,  and  are  limited  by  the 
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peculiarities  of  the  bed  and  the  channel.  If  an  island  was  not  surveyed 
as  a  government  subdivision  previous  to  the  sale  of  the  bank,  it  is  of 
course  impossible  to  do  this  for  the  purposes  of  government  sale  after- 
wards, for  the  reason  that  the  rights  of  the  bank  owners  are  fixed  by  their 
piux^hase:  when  making  that,  they  have  a  right  to  imderstand  that  all 
land  between  the  meander  lines,  not  separately  surveyed  and  sold,  will 
pass  with  the  shore  in  the  government  sale;  and  having  this  right, 
anything  which  their  purchase  would  include  imder  it  cannot  afterward 
be  taken  from  them.  It  is  believed,  however,  that  the  federal  courts 
would  not  recognize  the  applicability  of  this  rule  to  large  navigable  rivers, 
such  as  those  tmiting  the  great  lakes. 

On  all  the  little  lakes  of  the  State  which  are  mere  expansions  near 
their  mouths  of  the  rivers  passing  through  them — such  as  the  Muske- 
gon, Pdre  Marquette,  and  Manistee — the  same  rule  of  bed  ownership 
has  been  judicially  applied,  that  is,  applied  to  the  rivers  themselves;  and 
the  division  lines  are  extended  under  the  water  in  the  same  way.  Rice  v. 
Ruddiman,  lo  Mich.,  las-  If  such  a  lake  were  circular,  the  lines  would 
converge  to  the  centre;  if  oblong  or  irregular,  there  might  be  a  line  in 
the  middle  on  which  they  would  terminate,  whose  course  would  bear 
some  relation  to  that  of  the  shore.  But  it  can  seldom  be  important  to 
follow  the  division  line  very  far  under  the  water,  since  all  private  rights 
are  subject  to  the  public  rights  of  navigation  and  other  use,  and  any 
private  use  of  the  lands  inconsistent  with  these  would  be  a  nuisance, 
and  ptmishable  as  such.  It  is  sometimes  important,  however,  to  run  the 
lines  out  for  some  considerable  distance,  in  order  to  determine  where  one 
may  lawfully  moor  vessels  or  rafts,  for  the  winter,  or  cut  ice.  The  ice 
crop  that  forms  over  a  man's  land  of  course  belongs  to  him.  Lorman  v. 
Benson,  8  Mich.,  i8;  People's  Ice  Co.  v.  Steamer  Excelsior,  recently 
decided. 

■What  is  said  above  will  show  how  unfounded  is  the  notion,  which  is 
sometimes  advanced,  that  a  riparian  proprietor  on  a  meandered  river 
may  lawfully  raise  the  water  in  the  stream  without  liability  to  the  pro- 
prietors above,  provided  he  does  not  raise  it  so  that  it  overflows  the 
meander  line.  The  real  fact  is  that  the  meander  line  has  nothing  to 
do  with  such  a  case,  and  an  action  will  lie  whenever  he  sets  back  the 
water  upon  the  proprietor  above,  whether  the  overflow  be  below  the 
meander  lines  or  above  them. 

As  regards  the  lakes  and  ponds  of  the  State,  one  may  easily 
raise  questions  that  it  would  be  impossible  for  him  to  settle.  Let  us 
suggest  a  few  questions,  some  of  which  are  easily  answered,  and  some 
not: 

1 .  To  whom  belongs  the  land  under  these  bodies  of  water,  where  they 
are  not  mere  expansions  of  a  stream  flowing  through  them? 

2.  What  public  rights  exist  in  them? 

3.  If  there  are  islands  in  them  which  were  not  surveyed  out  and  sold 
by  the  United  States,  can  this  be  done  now? 

Others  will  be  suggested  by  the  answers  given  to  these. 

It  seems  obvious  that  the  rules  of  private  ownership  which  are  applied 
to  rivers  cannot  be  applied  to  the  great  lakes.  Perhaps  it  should  be  held 
that  the  boimdary  is  at  low- water  mark,  but  improvements  beyond  this 
would  only  become  tmlawful  when  they  became  nuisances.  Islands 
in  the  great  lakes  wotdd  belong  to  the  United  States  until  sold,  and 
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might  be  surveyed  and  measured  for  sale  at  any  time.  The  right  to 
take  fish  in  the  lakes,  or  to  cut  ice,  is  public,  like  the  right  of  naviga- 
tion, but  is  to  be  exercised  in  such  manner  as  not  to  interfere  with, 
the  rights  of  shore  owners.  But  so  far  as  these  public  rights  can  be 
the  subject  of  ownership,  thev  belong  to  the  State,  not  to  the  United 
States;  and,  so  it  is  believed,  does  the  bed  of  a  lake  also.  Pollard 
V.  Hagan,  ^  Howard's  U.  S.  Reports.  But  such  rights  are  not  gen- 
erally considered  proper  subjects  of  sale,  but,  like  the  right  to  make 
use  of  the  public  highways,  they  are  held  by  the  State  in  trust  for  aJl 
the  people. 

What  is  said  of  the  large  lakes  may  perhaps  be  said  also  of  man)r  of 
the  interior  lakes  of  the  State;  guch,  for  example,  as  Houghton,  Higgins, 
Cheboygan,  Burt's,  Mullet,  Whitmore,  and  many  others.  But  there  are 
many  httle  lakes  or  ponds  which  are  gradually  disappearing,  and  the 
shore  proprietdrship  advances  pari  passu  as  the  waters  recede.  If  these 
are  of  any  considerable  size — say,  even  a  mile  across — there  may  be 
questions  of  conflicting  rights  which  no  adjudication  hitherto  made 
could  settle.  Let  any  surveyor,  for  example,  take  the  case  of  a  pond  of 
irregular  form,  occupying  a  mile  square  or  more  of  territory,  and  under- 
take to  determine  the  rights  of  the  shore  proprietors  to  its  bed  when  it 
shall  totally  disappear,  and  he  will  find  he  is  in  the  midst  of  problems 
such  as  probably  ne  has  never  grappled  with,  or  reflected  upon  before. 
But  the  general  rules  for  the  extension  of  shore  lines,  which  have  already 
been  laid  down,  should  govern  such  cases,  or  at  least  should  serve  as 
guides  in  their  settlement.* 

Where  a  pond  is  so  small  as  to  be  included  within  the  lines  ot  a 
private  purchase  from  the  government,  it  is  not  believed  the  public  have 
any  rights  in  it  whatever.  Where  it  is  not  so  included,  it  is  believed  they 
have  rights  of  fishery,  rights  to  take  ice  and  water,  and  rights  of  naviga- 
tion for  business  or  pleasure.  This  is  the  common  belief,  and  probably 
the  just  one.  Shore  rights  must  not  be  so  exercised  as  to  disturb  these, 
and  the  States  mav  pass  all  proper  laws  for  their  protection.  It  would 
be  easy  with  suitable  legislation  to  preserve  these  little  bodies  of  witer 
as  permanent  places  of  resort  for  the  pleasure  and  recreation  of  the 
people,  and  there  ought  to  be  such  legislation. 

if  the  State  should  be  recognized  as  owner  of  the  beds  of  these  small 
lakes  and  ponds,  it  would  not  be  owner  for  the  purpose  of  selling.  It 
would  be  owner  only  as  a  trustee  for  the  public  use:  and  a  sale  would  be 
inconsistent  with  the  right  of  the  bank  owners  to  make  use  of  the  water 
in  its  natural  condition  in  connection  with  their  estates.  Some  of  them 
might  be  made  salable  lands  by  draining;  but  the  State  could 'not  drain, 
even  for  this  purpose,  against  the  will  of  the  shore  owners,  unless  their 
rights  were  appropriated  and  paid  for. 

Upon  many  questions  that  might  arise  between  the  State  as  owner  of 
the  bed  of  a  httle  lake  and  the  shore  owners,  it  would  be  presumptuous 
to  express  an  opinion  now,  and  forttmately  the  occasion  does  not 
require  it. 


*  Since  this  address  was  delivered  some  of  these  questions  have  received  the  atten- 
tion of  the  Supreme  Court  of  Michigan  in  the  cases  of  Richardson  v.  Prentiss,  48  Mich. 
Reports,  88,  and  Backus  v.  Detroit,  Albany  Law  Joum&l,  vol.  a6.  p.  428. 
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I  have  thus  indicated  a  few  of  the  questions  with  which  surveyors 
may  now  and  then  have  occasion  to  deal,  and  to  which  they  should  bring 
|;odd  sense  and  sound  judgment.  Surveyors  are  not  and  cannot  be 
judicial  officers,  but^in  a  great  many  cases  they  act  in  a  qua  si -judicial 
capacity  with  the  acquiescence  of  parties  concerned;  and  it  is  important 
for  them  to  know  by  what  rules  they  are  to  be  guided  in  the  discharge 
of  their  judicial  functions.  What  I  have  said  cannot  contribute  much 
to  their  enlightenment,  but  I  trust  will  not  be  wholly  without  value. 


APPENDIX  B 

MANUAL  OF  INSTRUCTIONS  FOR  THE  SURVEY  OF  THE 
MINERAL  LANDS  OF  THE  UNITED  STATES  i 

GENERAL    PROVISIONS 

1.  Under  section  2334,  U.  S.  Rev.  Stats,  (see  Appendix  B  hereof),  the 
United  States  Surveyor-General  *  *  may  appoint  in  each  land  district  con- 
taining mineral  lands  as  many  competent  surveyors  as  shall  apply  for 
appointment  to  survey  mining  claims." 

2.  Capable  parties  desiring  such  appointments  should  therefore  file 
their  applications  wi.th  the  Surveyor-General  for  the  district  wherein 
appointment  is  asked,  who  will  furnish  all  information  necessary. 

3.  Deputies  may  at  the  same  time  hold  commissions  in  more  than 
one  State  or  land  district.     (20  L.  D.,  163.) 

4.  All  appointments  of  deputy  mineral  surveyors  must  be  submitted 
to  the  Commissioner  of  the  General  Land  Office  for  approval. 

5.  The  Surveyors-General  have  authority  to  suspend  or  revoke  the 
commissions  of  their  deputy  mineral  surveyors  for  cause.  Before  final 
action,  however,  the  matter  should  be  submitted  to  the  Commissioner  of 
the  General  Land  Office  for  approval. 

Deputies  will  be  allowed  the  right  of  appeal  from  the  action  of  the 
Surveyors-General  in  the  usual  manner.  Such  appeal  should  be  filed 
with  the  Surveyor-General,  who  will  at  once  transmit  the  same,  with  a 
full  report,  to  the  General  Land  Office.     (20  L.  D.,  283.) 

6.  Neither  the  Surveyor-General  nor  the  Commissioner  of  the  General 
Land  Office  has  jurisdiction  to  settle  differences,  relative  to  the  payment 
of  charges  for  field  work  between  deputy  mineral  surveyors  and  claimants. 
These  are  matters  of  private  contract  and  must  be  enforced  in  the  ordinary 
manner,  i.e.,  in  the  local  courts. 

The  Department  has,  however,  authority  to  investigate  charges  affect- 
ing the  official  actions  of  deputy  mineral  surveyors,  and  will,  on  sufficient 
cause  shown,  suspend  or  revoke  absolutely  the  commission  of  the  deputy. 

7.  The  Surveyors-General  should  appoint  **as  many"  competent 
deputy  mineral  surveyors  as  apply  for  appointment,  in  order  that 
claimants  may  have  a  choice  of  deputies,  and  be  enabled  to  have  their 
work  done  on  the  most  advantageous  terms. 

8.  The  schedule  of  charges  for  otfice  work  should  be  as  low  as  is 
possible.     No  additional  charges  should  be  made  for  orders  for  amended 

*  Reprinted  in  full  from  the  official  publication  issued  in  1895  by  the  Commissioner  of 
the  General  Land  Office,  Washington,  D.  C. 
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surveys,  unless  the  necessity  therefor  is  clearly  the  fault  of  the  claimant, 
or  considerable  additional  office  work  results  therefrom. 

In  cases  where  the  error  in  the  original  survey  is  due  to  the  careless- 
ness or  neglect  of  the  deputy  mineral  surveyor  who  made  it,  he  should 
be  required  to  make  the  necessary  corrections  in  the  field  at  his  own 
expense,  and  the  Surveyor-General  should  advise  him  that  the  penalty 
for  failure  to  comply  with  instructions  within  a  specified  time  will  oe 
the  suspension  or  revocation  of  his  commission. 

0.  These  instructions  are  subject  to  the  limitations  of  section  2324, 
U.  S.  Rev.  Stats.,  so  far  as  the  same  refers  to  local  laws  and  customs. 

INSTRUCTIONS   FOR   SURVEYS 

1.  All  official  commtmications  must  be  addressed  to  the  Surveyor- 
General.*  You  will  always  refer  to  the  date  and  subject-matter  of  the 
letter  to  which  you  reply,  and  when  a  mineral  claim  is  the  subject  of 
correspondence,  you  will  give  the  name  ani  survey  number. 

2.  vou  should  keep  a  complete  record  of  each  survey  made  by  you, 
and  the  facts  coming  to  your  knowledge  at  the  time,  as  well  as  copies 
of  all  your  field  notes,  reports,  and  official  correspondence,  in  order  chat 
such  evidence  may  be  readily  produced  when  called  for  at  any  future 
time. 

3.'  Field  notes  and  other  reports  must  be  written  in  a  clear  and  legible 
hand  or  typewritten,  in  non-copying  ink.  and  upon  the  proper  blanks 
furnished  you  gratuitously  by  the  Surveyor-General's  Office  upon 
application  thereior.  No  interhnea'.ions  m  erasures  will  be  allowed;  and 
no  abbreviations  or  symbols  must  be  used,  except  such  as  are  indicated 
in  the  specimen  field  notes. 

4.  >fo  return  by  you  will  be  recognized  as  official,  unless  it  is  over 
your  signature  as  a  U.  S.  deputy  mineral  surveyor,  and  made  in  pur- 
suance of  a  special  order  from  the  Surveyor-GeneVal's  Office.  After  you 
have  received  an  order  for  survey,  you  are  required  to  make  the  survey, 
and  return  correct  field  notes  thereof  to  the  Surveyor-General's  Office 
without  delay. 

5.  The  claimant  is  required,  in  all  cases,  to  make  satisfactory  arrange- 
ments with  you  for  the  payment  for  your  services  and  those  of  your 
assistants  in  making  the  survey,  as  the  United  States  will  not  be  held 
responsible  for  the  same.  You  will  call  the  attention  of  applicants  for 
mineral-survey  orders  to  the  requirements  of  paragraph  14  of  the  circular. 
Appendix  A.  (Sec.  2334,  U.  S.  Rev.  Stats.;  Par.  98,  Mining  Circular, 
December  10,  189 1 — see  Appendix  B  hereof.) 

6.  You  will  promptly  notify  the  Surveyor-General's  Office  of  any 
change  in  your  post-onice  address.     (20  L.  D.,  163.) 

NOT   TO   ACT   AS   ATTORNEY 

7.  You  are  precluded  from  acting,  either  directly  or  indirectly,  as 
attorney  in  mineral  claims.  Your  duty  in^any  particular  case  ceases 
when  you  have  executed  the  survey  and  returned  the  field  notes  and 
prelimmary  plat,  with  your  report,  to  the  Surveyor- General.  You  will 
not  be  allowed  to  prepare  for  the  mining  claimant  the  papers  in  support 
of  his  application  for  patent,   or  otherwise  perform  the  duties  or  an 

*  For  list  of  Surveyors-General  in  mining  districts,  see  page  781. 
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attorney  before  the  land  office  in  connection  with  a  mining  claim.  You 
are  not  permitted  to  combine  the  duties  of  surveyor  and  notary  public 
in  the  same  case  by  administering  oaths  to  the  parties  in  interest,  but  as 
a  notary  public  you  may  administer  the  oaths  to  vour  assistants  in  making 
the  survey.  Otherwise  you  must  have  absolutely  nothing  to  do  with  the 
case,  except  in  your  official  capacity  as  surveyor.  You  will  make  no 
survey  of  a  mineral  claim  in  which  you  hold  an  interest,  nor  will  you 
employ  chainmen  interested  therein  in  any  manner.  (Par.  loi.  Mining 
Circular,  December  lo,  189 1 — see  Appendix  B  hereof;    13  C.  L.  O.,  608.) 

THE   FIELD  WORK 

8.  The  survey  made  and  reported  must,  in  every  case,  be  an  actual 
survey  on  the  ground  in  full  detail,  made  by  you  in  person  after  the 
receipt  of  the  order,  and  without  reference  to  any  knowledge  you  may 
have  previously  acquired  by  reason  of  having  made  the  location  survey 
or  otherwise,  and  must  show  the  actual  facts  existing  at  the  time.  This 
precludes  you  from  calctdating  the  connections  to  comers  of  the  public 
survey  and  location  monuments,  or  any  other  lines  of  your  survey 
through  prior  surveys  made  by  others,  unless  it  is  satisfactorily  shown 
in  your  report  that  you  have  retraced  such  lines  and  found  them  to  be 
correct.     (6  L.  D.,  718;   7  L.  D.,  81.) 

The  term  survfy  in  tnese  instructions  applies  not  only  to  the«usual 
field  work,  but  also  to  the  examinations  required  for  the  preparation  of 
your  affidavits  of  five  himdred  dollars  expenditure,  descriptive  reports 
on  placer  claims,  and  all  other  reports. 

SURVEY    AND   LOCATION 

9.  The  survey  of  a  mining  claim  may  consist  of  several  contiguous 
locations,  but  such  survey  must,  in  conformity  with  statutory  require- 
ments, distinguish  the  several  locations  and  exhibit  the  boundaries  of 
each,     (j  L.  D.,  199;   6  L.  D.,  808.) 

10.  The  survey  must  be  made  in  strict  conformity  with,  or  be  embraced 
within,  the  lines  of  the  location  upon  which  the  order  is  based.  If  the 
survey  and  location  are  identical,  that  fact  must  be  clearly  and  distinctly 
stated  in  your  field  notes.  If  not  identical,  a  bearing  and  distance  must 
be  given  from  each  established  corner  of  the  survey  to  the  corresponding 
corner  of  the  location,  and  the  location  comer  must  be  fully  described,  so 
that  it  can  be  identified.  The  lines  of  the  location,  as  found  upon  the 
ground,  must  be  laid  down  upon  the  preliminary  plat  in  such  a  manner 
as  to  contrast  and  show  their  relation  to  the  lines  of  survey,     (i  L.  D., 

581.) 

11.  In  accordance  with  the  principle  that  courses  and  distances  must 

give  way  when  in  conflict  with  fixed  objects  and  monuments,  you  will  not, 
under  any  circumstances,  change  the  corners  of  the  location  for  the 
purpose  of  making  them  conform  to  the  description  in  the  record.  If 
the  difference  from  the  location  be  slight,  it  may  be  explained  in  the 
field  notes. 

*'The  act  of  Congress  of  May  10,  1872,  expressly  provides  that  'the 
location  must  be  distinctly  marked  upon  the  ground  so  that  its  bound- 
aries can  be  readily  traced,*  and  'that  all  records  of  mining  claims  here- 
after made  shall  contain,  the  name  or  names  of  the  locators,  the  date  of 
the  location,  and  such  a  description  of  the  claim  or  claims  located,  by 
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reference  to  some  i;iatural  object  or  permanent  monument,  as  will 
identify  the  claim. ' "     (Sec.  2324,  U.  S.  R.  S.:  see  Appendix  B  herewith.) 

"  Tnese  provisions  of  the  law  must  be  strictly  complied  with  in  each 
case  to  entitle  the  claimant  to  a  survey  and  patent,  and,  therefore,  should 
a  claimant  under  a  location  made  subsequent  to  the  passage  of  the  act  of 
May  10,  1872,  wlw  has  not  complied  with  said  requirements  in  regard  to 
marking  the  location  upon  the  ground  and  recording  the  same,  apply  for  a 
survey,  you  will  decline  to  make  it.*'     (i  L.  D.,  581.) 

You  will  then  report  the  facts  to  this  office  and  await  further  instruc- 
tions. 

Should  the  survey  be  applied  for  imder  a  location  made  prior  to  May 
10,  1872,  or  under  section  2332,  U.  S.  Rev.  Stats.,  in  making  the  survey 
thereof  you  will  be  governed  by  the  si>ecial  instructions  accompanying 
the  order  for  survey. 

No  mining  claim  located  subsequent  to  May  10,  1872,  should  exceed 
the  statutory  limit  in  width  on  each  side  of  the  centre  of  vein  or  1500 
feet  in  length,  and  all  surveys  must  close  within  50-100  feet  in  one 
thousand  feet,  and  the  error  must  not  be  such  as  to  make  the  location 
exceed  the  statutory  limit,  and  in  absence  of  other  proof  the  discovery 

f)oint  is  held  to  be  the  centre  of  the  vein  on  the  surface.     The  course  and 
ength  of  the  vein  should  be  marked  upon  the  plat. 

INSTRUMENT 

12.  All  mineral  surveys  must  be  made  with  a  transit,  provided  with 
a  solar  attachment,  by  which  the  meridian  can  be  determined  indepen- 
dently of  the  magnetic  needle,  and  all  courses  must  be  referred  to  the  true 
meridian.     The  variation  should  be  noted  at  each  comer  of  the  survey. 

THE    TRUE    MERIDIAN 

1 26.  The  true  course  of  at  least  one  line  of  each  survey  must  be  ascer- 
tained by  astronomical  observations  made  at  the  time  of  the  survey ;  the 
data  for  determining  the  same  and  details  as  to  how  these  data  were 
arrived  at  must  be  given.  Or,  in  lieu  of  the  foregoing,  the  survey  must 
be  connected  with  some  line  the  true  course  of  which  has  been  pre- 
viously established  beyond  question,  and  in  a  similar  manner,  by  yourself, 
and,  when  such  lines  exist,  it  is  desirable  in  all  cases  that  they  snould  be 
used  as  a  proof  of  the  accuracy  of  subsequent  work.  (For  methods  for 
determining  the  true  meridian  see  pages  84  to  119,  inclusive,  General 
Surveying  Manual,  1894.) 

CONNECTIONS 

13.  Connect  comer  No.  i  of  each  location  embraced  in  your  survey 
by  course  and  distance  with  nearest  corner  of  the  public  survey  or  with  a 
United  States  location  monument,  if  the  claim  lies  within  two  miles  of 
such  comer  or  monument.  If  both  are  within  the  re^iuired  distance,  you 
must  connect  with  the  nearest  comer  of  the  public  survey.  (7  L.  D.,  475 ; 
Par.  45.  Circular  December  10,  i8qi — Appendix  B  herewith.) 

(a)  You  will  make  surveys  and  connections  of  mineral  claims  in 
suspended  townships  so  long  as  they  remain  suspended,  in  the  same 
manner  as  though  the  claims  were  upon  unsurveycd  land,  except  as 
hereinafter  specified,  by  connecting  them  with  independent  mmeral 
monuments.     At  the  same  time,  you  will  note  the  position  of  any  public- 
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land  corner  which  may  be  found  in  the  neighborhood  of  the  claim,  so  that, 
in  case  of  the  release  of  the  township  plat  from  suspension,  the  position 
of  the  claim  can  be  shown  on  the  plat. 

(6)  A  mineral  survey  must  not  be  rettimed  with  its  connection  made 
only  with  a  comer  of  the  public  survey,  where  the  survey  of  the  town- 
ship within  which  it  is  situated  is  under  suspension,  nor  connected  with  a 
mineral  monument  alone,  when  situated  within  the  limits  of  a  township, 
the  regularity  and  correctness  of  the  survey  of  which  is  unquestioned. 

(c)  In  making  an  official  survey  hereafter  you  will  establish  comer 
No.  1  of  each  location  embraced  in  your  stirvey  at  the  end  nearest  the 
corner  of  the  public  survey  or  locating  monument,  unless  good  cause  is 
shown  for  its  being  placed  otherwise.  If  connections  are  given  to  both  a 
corner  of  the  public  survey  and  location  monument,  comers  Nos.  i  should 
be  placed  at  the  end  nearest  the  corner  of  the  public  survey. 

14.  When  a  boundary  line  of  a  claim  intersects  a  section  line,  give 
courses  and  distances  from  point  of  intersection  to  the  Government 
comers  at  each  end  of  the  half  mile  of  section  line  so  intersected. 

LOCATION   MONUMENTS 

15.  In  case  your  survey  is  situated  in  a  district  where  there  are  no 
corners  of  the  public  survey  and  no  monuments  within  the  prescribed 
limits,  you  will  proceed  to. establish  a  mineral  monument,  in  the  location 
of  which  you  will  exercise  the  greatest  care  to  insure  permanency  as  to 
site  and  construction. 

The  site,  when  practicable,  should  be  some  prominent  point,  visible 
for  a  long  distance  from  every  direction,  and  should  be  so  chosen  that 
the  permanency  of  the  monument  will  not  be  endangered  by  snow-,  rock-, 
or  landslides,  or  other  natural  causes. 

16.  The  location  monument  should  consist  of  a  stone  not  less  than 
30  inches  long,  20  inches  wide,  and  6  inches  thick,  set  halfway  in  the 
ground,  with  a  conical  mound  of  stone  4  feet  high  and  6  feet  base  along- 
side. T?he  letters  U.  S.  L.  M.,  followed  by  the  consecutive  number  of 
the  monument  in  the  district,  must  be  plainly  chiselled  upon  the  stone. 
If  impracticable  to  obtain  a  stone  of  required  dimensions,  then  a  post 
8  feet  long,  6  inches  square,  set  3  feet  in  the  ground,  scribed  as  for  a  stone 
monument,  protected  by  a  well-built  conical  mound  of  stone  of  not  less 
than  3  feet  high  and  6  feet  base  around  it,  may  be  used.  The  exact 
point  for  connection  must  be  indicated  on  the  monument  by  an  X 
chiselled  thereon;  if  a  post  is  used,  then  a  tack  must  be  driven  into  the 
post  to  indicate  the  point. 

17.  From  the  monument,  connections  by  course  and  distance  must  be 
taken  to  two  or  three  bearing  trees  or  rocks,  and  to  any-well  known  and 
permanent  objects  in  the  vicinity,  such  as  the  confluence  of  streams, 
prominent  rocks,  buildings,  shafts,  or  mouths,  of  adits.  Bearing  trees 
must  be  properly  scribed  B.  T.,  and  bearing  rocks  chiselled  B.  R., 
together  with  the  number  of  the  location  monument;  the  exact  point 
on  the  tree  or  stone  to  which  the  connection  is  taken  should  be  indicated 
by  a  cross  or  other  unmistakable  mark.  Bearings  should  also  be  taken 
to  prominent  mountain  peaks,  and  the  approximate  distance  and  direc- 
tion ascertained  from  the  nearest  town  or  mining  camp.  A  detailed 
description  of  the  locating  monument,  with  a  topographical  map  of  its 
location,  should  be  furnished  this  office. 
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CORNERS 

1 8.  Comers  may  consist  of — 

First — ^A  stone  at  least  24  inches  long  set  12  inches  in  the  ground, 
with  a  conical  mound  of  stone  i§  feet  high,  2  feet  base,  alongside,  and 
state  kind  of  stone  set  for  comer.  A  stone  should  always  be  used  for  a 
comer  when  possible. 

Second — A  post  at  least  3  feet  long  by  4  inches  square,  set  18  inches  in 
the  ground  and  surrounded  by  a  substantial  mound  of  stone  or  earth. 

Third — A  rock  in  place. 

19.  All  comers  must  be  established  in  a  permanent  and  workmanlike 
manner,  and  the  comer  and  survey  number  must  be  neatly  chiselled  or 
scribed  on  the  sides  facing  the  claim.  The  exact  comer  point  must  be 
permanently  indicated  on  the  comer.  When  a  rock  in  place  is  used  its 
dimensions  above  ground  must  be  stated,  and  a  cross  chiselled  at  the 
exact  comer  point. 

20.  In  case  the  point  for  the  comer  be  inaccessible  or  unsuitable,  you 
will  establish  a  witness  comer,  which  must  be  marked  with  the  letters 
W.  C.  in  addition  to  the  corner  and  survey  number.  The  witness  comer 
shotild  be  located  upon  a  line  of  the  survey  and  as  near  as  possible  to  the 
true  comer,  with  which  it  must  be  connected  by  course  and  distance. 
The  reason  why  it  is  impossible  or  impracticable  to  establish  a  true 
comer  must  always  be  stated  in  the  field  notes,  and  in  nmning  your 
next  course  state  whether  you  start  from  the  true  place  for  comer  or 
from  witness  corner. 

21.  The  identity  of  all  corners  should  be  perpetuated  by  taking 
cotirses  and  distances  to  bearing  trees,  rocks,  and  other  objects,  as 
prescribed  in  the  establishment  of  location  monuments,  and  when  no 
oearings  are  given,  state  "no  bearings  available."  Permanent  objects 
should  be  taken  whenever  possible. 

22.  If  an  official  survey  has  been  made  within  a  reasonable  distance  in 
the  vicinity,  you  will  nin  a  connecting  line  to  some  comer  of  the  same, 
and  connect  m  like  manner  with  all  conflicting  surveys  and  claims,  and 
describe  comer  with  which  connection  is  made. 

23.  In  survey  of  contiguous  locations  which  are  part  of  a  consoldiated 
claim,  where  comers  are  common,  mention  bearings  but  once,  but  where 
a  comer  is  common  to  different  claims,  the  required  number  of  bearings 
will  be  taken  from  each  claim. 

TOPOGRAPHY 

24.  Note  carefully  all  topographical  features  of  the  claim,  taking 
distances  on  your  lines  to  intersections  with  all  streams,  gulches,  ditches, 
ravines,  mountain  ridges,  roads,  trails,  etc.,  with  their  widths,  courses, 
and  other  data  that  may  be  required  to  map  them  correctly.  If  the 
claim  lies  within  a  town  site,  locate  all  mtmicipal  improvements,  such  as 
blocks,  streets,  and  buildings. 

CONFLICTS 

25.  If,  in  running  the  exterior  boundaries  of  a  claim,  you  find  that 
two  surveys  conflict,  you  will  determine  the  courses  and  distances  from 
the  established  comers  thereof,  situate  within  the  boundaries  of  your 
survey,  at  which  the  exterior  boundaries  intersect  each  other,  and  run 
all  lines  necessary  for  the  determination  of  the  areas  in  conflict,  both 
with  surveyed  and  unsurveyed  claims.  You  will  not,  however,  show 
conflicts  with  unsurveyed  claims  unless  the  same  are  to  be  excluded. 
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26.  Your  attention  is  directed  to  paragraphs  50  and  51  of  General 
Land  Office  circtilar,  dated  December  10,  1891,  as  amended  by  circular 
of  November  7,  1895: 

"  50.  The  rights  granted  to  locators  under  section  7322,  Revised  Statutes,  are  restricted 
to  such  locations  on  veins,  lodes,  or  ledges  as  may  be  'situated  on  the  public  domain.* 
In  applications  for  lode  claims  where  the  survey  conflicts  with  a  prior  valid  lode  claim, 
and  the  ground  in  conflict  is  excluded,  the  applicant  not  only  has  no  rihht  to  the  excluded 
firound.  but  he  has  no  right  to  that  portion  of  any  vein  or  lode,  the  top  or  apex  of  which 
ues  within  such  excluded  ground,  unless  his  location  was  prior  to  May  10,  1873.  His 
right  to  the  lode  claimed  terminates  where  the  lode,  in  its  onward  course  or  strike, 
intersects  the  exterior  boundary  of  such  excluded  ground  and  passes  within  it.  The 
end  line  of  his  survey  should  not,  therefore,  be  established  be^^ond  such  intersection. 

"51.  Where,  however,  the  lode  claim  for  which  survey  is  being  made,  was  located 
prior  to  the  conflicting  claim,  and  such  conflict  is  to  be  excluded,  in  order  to  include  all 
around  not  so  excluded  the  end  line  of  the  survey  may  be  established  within  the  con- 
flicting lode  claim,  but  the  line  must  be  so  run  as  not  to  extend  any  further  into  such 
conflicting  claim  than  may  be  necessary  to  make  such  end  line  parallel  to  the  other  end 
line,  and  at  the  same  time  embrace  the  ground  so  held  and  claimed.  The  useless  practice 
in  such  cases  of  extending  both  the  side  lines  of  a  survey  into  the  conflicting  claim,  and 
establishing  an  end  line  wholly  within  it,  beyond  a  point  necessary  under  the  nile  just 
stated,  will  be  discontinued." 

EXPLANATION 

Location  A  in  the  diagram  represents  a  location  for  which  survey 
is  applied  for.  As  a  location  it  conflicts  with  location  B,  and  the 
claimant  of  A  lays  no  claim  to  the  conflicting  area.  In  accordance 
with  the  definition  of  locators'  rights 
imder  Sec.  2322,  U.  S.  R.  S.,  as  given  in 
paragraph  50  of  said  circular  of  Decem- 
oer  10,  1 89 1,  if  location  B  was  a  valid 
and  subsisting  location  at  the  time  location 
A  was  made,  the  locator  of  A  has  no 
right  to  extend  the  survey  of  his  claim 
beyond  the  point  where  his  lode  in  its 
onward  course  intersects  the  location  B, 
and  in  such  case  the  end  lines  of  the 
survey  should  be  run  through  such  point 
of  intersection,  as  represented  by  lines  o,  b 
on  dia^am. 

If  it  is  more  desirable,  however,  the 
south  end  line  may  be  the  side  line  of  B 
within  the  side  lines  of  .4  as  represented 
by  c,  >/,  with  which  the  north  end  line  must 
be  made  parallel. 

This  circular  applies  also  to  contiguous 
locations  belonging  to  one  owner  and  sur- 
veyed as  a  single  claim. 

If,  on  the  contrary,  when  location  A 
was  made  the  location  B  was  not  existent, 
and  there  was  no  other  conflict,  the 
abandonment  of  the  conflict  with  the  latter 
location,  B,  brings  the  case  within  para- 
graph 51  of  said  circular. 

To  illustrate:    .4  is  the  first  and  valid 
location,  afterward  the  B  location  is  made, 
and    for    reasons    satisfactory    to    .4    the 
ground  in  conflict  is  relinquished  to  B,  yet  the  claimant  of  A  clamis 
all  the  land  outside  of  the  conflict  included  in  his  location. 
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The  end  line  contemplated  by  the  circular  to  include  all  ground 
claimed  as  aforesaid,  should  be  nm  as  represented  by  the  line  cd,  the 
rest  of  the  lines  of  conflict  being  eliminated  entirely.  The  survey  must 
in  this  case  stop  at  the  line  cd. 

27.  It  will  be  particularly  observed  by  you  that  the  above  provisions 
of  General  Land  Office  circular  dated  December  10,  1891,  are  just  as 
applicable  in  the  case  of  conflicting  and  overlapping  locations  embraced 
in  one  survey  as  though  the  several  locations  were  embraced  in  separate 
and  distinct  surveys. 

28.  A  lode  claim  that  is  divided  into  two  parts  by  an  intersecting 
patented  mill  site,  placer,  or  agricultural  entry,  must  be  confined  to 
that  part  which  contains  the  discovery  shaft  and  improvements.  (13 
L.  D.,  14C.) 

29.  The  exterior  lines  of  placer  claims  or  mill  sites  cannot  be  extended 
over  other  claims  and  the  conflicting  areas  excluded,  as  with  lode  claims, 
it  being  the  surface  ground  only,  with  side  lines  taken  perpendicularly 
downward,  for  which  application  is  made.  The  survey  must  accurately 
define  the  boundaries  of  the  claim. 

30.  If,  by  reason  of  intervening  surveys  or  claims,  a  placer  survey 
should  be  divided  into  separate  tracts,  you  will  preserve  a  separate  series 
of  numbers  for  the  comers  of  each  location,  and  a  consecutive  series  of 
numbers  for  the  comers  of  the  tracts  embraced  in  each;  distinguishing 
the  detached  portions  as  Tract  A,  Tract  B,-etc.,  connecting  by  course 
and  distance  a  corner  of  each  tract  with  some  comer  of  one  previously 
described.  The  provisions  of  this  paragraph  will  also  apply  to  the 
surveys  of  mill  sites. 

LODE    AND    MILL   SITE 

31.  A  lode  and  mill  site  claim  in  one  survey  will  be  distinguished  by 
the  letters  A  and  B  following  the  number  of  the  survey.  Tne  comers 
of  the  mill  site  will  be  numbered  independently  of  those  of  the  lode. 
Comer  No.  i  of  the  mill  site  must  be  connected  with  a  comer  of  the 
lode  claim  as  well  as  with  a  comer  of  the  public  survey  or  United  States 
location  monument. 

FIELD    NOTES 

z2.  In  order  that  the  results  of  your  survey  may  be  reported  in  a 
uniform  manner,  you  will  prepare  your  field  notes  and  preliminary  plat 
in  strict  conformity  with  the  specimen  field  notes  and  plats  which  are 
made  part  of  these  instructions.  They  are  designed  to  furnish  you  all 
the  needed  information  concerning  the  manner  01  describing  the  bound- 
aries, corners,  connections,  intersections,  conflicts,  and  improvements, 
and  stating  the  variation,  area,  location,  and  other  data  connected  with 
the  survey  of  mineral  claims,  and  contain  forms  of  affidavits  for  the 
deputy  surveyor  and  his  assistants. 

33.  When  a  placer  claim  includes  lodes,  or  when  several  contiguous 
placer  or  lode  locations  are  included  as  one  claim  in  one  survey,  you  will 
give  to  the  comers  of  each  location  constituting  the  same  a  separate 
consecutive  numerical  designation,  beginning  with  Comer  No.  i  in  each 
case.  In  the  former  case  you  will  first  describe  the  placer  claim  in  your 
field  notes. 

34.  Throughout  the  description  of  the  sur\'ey,  after  each  reference  to 
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the  lines  or  comers  of  a  location,  give  the  name  thereof,  and  if  unsurveyed 
state  the  fact.  If  reference  is  made  to  a  location  included  in  a  prior 
ofticial  survey,  the  survey  number  must  be  given,  followed  by  the  name 
of  the  location.     Describe  your  corners  once  only. 

35.  The  total  area  of  each  location  in  a  claim  embraced  by  its  exterior 
boundaries,  and  also  the  s^rea  in  conflict  with  each  intersecting  survey 
or  claim,  should  be  stated;  also  the  total  area  claimed.  But  when 
locations  of  the  survey  conflict  with  each  other,  such  conflicts  should 
only  be  stated  in  connection  with  the  location  from  which  the  conflicting 
area  is  excluded. 

36.  You  will  state  particularly  whether  the  claim  is  upon  surveyecl  or 
unsurveyed  public  lands,  giving  in  the  former  case  the  quarter  section, 
township,  and  range  in  which  it  is  located,  and  in  the  latter,  the  town- 
ship, as  near  as  can  be  determined.  When  upon  surveyed  lands  the 
section  lines  should  be  indicated  by  full  lines  and  the  quarter-section 
lines  by  dotted  lines. 

37.  The  title  page  must  contain  the  post-office  address  of  the  claimant 
or  his  authorized  agent. 

EXPENDITURE   OF   FIVE    HUNDRED   DOLLARS 

38.  In  making  out  your  certificate  of  the  value  of  the  improvements, 
you  will  follow  the  form  prescribed  in  the  specimen  field  notes. 

39.  Only  actual  expenditures  and  mining  improvements  made  by  the 
claimant  or  his  grantors,  having  a  direct  relation  to  the  development  of 
the  claim,  can  be  included  in  your  estimate.  "  Labor  or  improvements 
within  the  meaning  of  the  statute  are  deemed  to  have  been  had  on  a 
mining  claim,  whether  it  consists  of  one  location  or  several,  when  the 
labor  IS  performed  or  the  improvements  are  made  for  its  development, 
that  is,  to  facilitate  the  extraction  of  the  metals  it  may  contain."  (6  L. 
D.,  222.) 

40.  The  expenditures  rec^uired  may  be  made  from  the  surface  or  in 
running  a  tunnel,  drifts,  or  cross-cuts,  for  the  development  of  the  claim. 
Improvements  of  any  other  character,  such  as  buildings,  machinery,  or 
roadways,  must  be  excluded  from  your  estimate  unless  you  show  clearly 
that  they  are  associated  with  actual  excavations,  such  as  cuts,  tunnels, 
shafts,  etc.,  and  are  essential  to  the  practical  development  of  the  sur- 
veyed claim. 

41.  You  will  locate  all  mining  and  other  improvements  upon  the 
claim  by  courses  and  distances  from  comers  of  the  survey,  or  from 
points  on  the  centre  or  side  lines,  specifying  with  particularity  and 
detail  the  dimensions  and  character  of  each,  and  the  improvements 
upon  each  location  should  be  numbered  consecutively,  the  point  of 
discovery  being  always  Xo.  i. 

42.  You  wul  give  in  detail  the  value  of  each  mining  improvement 
included  in  your  estimate  of  expenditure,  and  when  a  tunnel  or  other 
improvement  has  been  made  for  the  development  of  other  claims  in 
connection  with  the  one  for  which  survey  is  made,  you  must  give  the 
name,  ownership,  and  survey  number,  if  any,  of  each  claim  to  which  a 
j>ortion  or  interest  is  credited,  and  the  value  of  the  portion  or  interest 
credited  to  the  claim.  The  value  of  improvements  made  upon  other 
locations,  or  by  a  former  locator  who  has  abandoned  his  claim,  cannot 
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be  included  in  your  estimate,  but  should  be  described  and  located  in 
your  notes  and  plat. 

43.  In  case  of  a  lode  and  mill-site  claim  in  the  same  survey,  an  expendi- 
ture of  five  hundred  dollars  must  be  shown  upon  the  lode  claim  only. 

44.  When  a  survey  embraces  several  locations  held  in  common  Con- 
stituting one  entire  claim,  whether  lode  or  placer,  an  expenditure  of  five 
hundred  dollars  upon  such  entire  claim  embraced  in  the  survey  will  be 
sufficient,  but  in  preparing  your  estimate  of  five  hundred  dollars'  expendi- 
ture thereon  you  will  observe  the  requirements  of  the  decision  of  the 
Commissioner  of  the  General  Land  Office,  dated  June  11,  1890,  quoted 
below  for  your  information: 

**When  two  or  more  lode  locations  are  embraced  in  one  entry,  and 
the  improvements  on  each  lode  are  not  of  the  value  of  $500,  it  must  be 
shown  that  a  sum  equal  in  value,  of  labor  or  improvements,  has  been 
expended  for  the  common  benefit  of  all  those  of  which  the  improvements 
do  not  equal  that  sum,  with  a  satisfactory  explanation  of  how  and  in  what 
manner  such  improvements  tend  to  a  common  benefit."  (See  also  20 
L.  D.,  394.) 

The  explanatory  statement  in  such  cases  should  be  given  in  your  field 
notes,  or  affidavit,  at  the  conclusion  of  the  description  of  the  improve- 
ments included  in  the  estimate  of  expenditure,  and  should  be  as  full  and 
explicit  as  the  facts  in  the  case  warrant,  dealing  only  with  the  improve- 
ments, conditions,  and  circumstances,  as  they  actually  existed  at  the 
time  of  making  the  survey  or  examination,  without  reference  to  what 
is  possible  or  what  the  claimants  may  intend  to  do. 

45.  Following  your  certificate  you  will  locate  and  describe  all  other 
improvements  made  by  the  claimant  within  the  botmdaries  of  the  survey. 
Those  made  by  other  parties,  if  any,  whose  names  should  be  mentioned, 
will  be  given  in  a  separate  description,  following  those  of  the  claimants. 

46.  If  the  value  of  the  labor  and  improvements  upon  a  mineral  claim 
is  less  than  five  hundred  dollars  at  the  time  of  survey,  you  are  author- 
ized to  file  your  affidavit  of  five  hundred  dollars  expenditure  at  any  time. 
If  the  affidavit  is  made  subsequent  to  the  period  of  publication,  it  should 
be  shown,  if  practicable,  when  the  improvements  were  made.  The 
information  on  which  to  base  this  affidavit  must  be  derived  by  the 
deputy  who  makes  the  actual  survey  from  a  careful  examination  upon 
the  premises. 

PRELIMINARY    PLAT 

47.  You  will  file  with  your  field  notes  a  preliminary  plat  on  blank 
sent  you  for  that  purpose,  protracted  on  a  scale  of  200  feet  to  an  inch, 
if  practicable,  in  conformity  with  the  specimen  plat  herewith.  In  pre- 
paring plats  make  the  top  north.  Copy  of  your  calculations  of  areas 
by  double  meridian  distances,  and  of  all  triangulations  or  traverse  lines, 
must  also  be  furnished.  The  lines  of  the  claim  surveyed,  on  this  plat 
and  on  all  plats  of  approved  surveys,  shotdd  be  heavier  and  show  a  con- 
trast with  conflicting  claims. 

ERRORS 

48.  You  will  also  mention  in  your  notes  the  discovery  of  any  material 
errors  in  prior  ofiicial  surveys,  stating  explicitly  what  hnes  are  found  to 
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be  in  error,  and  giving  in  express  terms  the  courses  and  lengths  thereof 
as  determined  by  you. 

49.  Whenever  a  survey  has  been  reported  in  error,  the  deputy  sur- 
veyor who  made  it  will  be  required  to  promptly  make  a  thorough 
examination,  upon  the  premises,  and  report  the  result,  imder  oath,  to 
the  Surveyor-General's  office.  In  case  he  finds  his  survey  in  error,  he 
will  report  in  detail  all  discrepancies  with  the  original  survey,  and  submit 
any  explanation  he  may  have  to  offer  as  to  the  cause.  If,  on  the  contrary, 
he  shotdd  report  his  survev  correct,  a  joint  survey  will  be  ordered  to 
settle  the  difltereaces  with  the  surveyor  who  reported  the  error.* 

JOINT   SURVEY 

50.  A  joint  survey  must  be  made  within  ten  days  after  the  date  of 
order,  unless  satisfactory  reasons  are  submitted,  imder  oath,  for  a  post- 
ponement. 

5 1 .  The  field  work  must  in  every  sense  of  the  term  be  a  joint  and  not 
a  separate  survey,  and  the  observations  and  measurements  taken  with 
the  same  instrument  and  chain,  previously  tested  and  agreed  upon. 

52.  The  deputy  surveyor  found  in  error  or,  if  both  are  in  error,  the 
one  who  reported  the  same  will  make  out  the  field  notes  of  the  joint 
survey,  which,  after  being  duly  signed  and  sworn  to  by  both  parties, 
must  be  transmitted  to  the  Surveyor-General's  office.  The  surveyor 
fovmd  in  error  will  be  required  to  pay  all  expenses  of  the  joint  survey 
and  ten  dollars  per  day  to  the  sur\'eyor  whose  work  is  found  to  be  sub- 
stantially correct,  and  either  deputy  shall  have  the  right  to  require  the 
other  to  deposit  the  estimated  amount  of  this  expense  with  the  Surveyor- 
General  before  the  joint  work  is  begim. 

AMENDED   SURVEYS 

53.  Inasmuch  as  amended  surveys  are  ordered  only  by  special 
instructions   from   the   General   Land   Office,    and   the   conditions   and 

1  The  following  circular  recently  issued  (1890)  by  the  Hon.  Commissioner  of  the  General 
Land  Office  has  somewhat  changed  the  practice  of  reporting  out  surveys  in  error: 

"When  a  mining  claim  has  been  surveyed  and  patented  in  accordance  therewith,  the 
land  described  therein  is  disposed  of,  and  so  long  as  the  patent  is  outstanding  the  juris- 
diction of  the  Department  in  regard  to  that  particular  tract  is  terminated.  It  therefore 
follows  that  land  thus  patented  cannot  be  properly  included  in  a  subsequent  patent,  merely 
because  years  afterwards  a  deputy  mineral  surveyor  in  making  a  subsequent  survey  reports 
to  have  Ifotmd  the  true  comers  of  the  old  survey  to  occupy  a  different  position  from  that 
reported  in  the  survey  which  was  the  basis  for  patent  of  the  old  claim.  And  the  same  thing 
is  true  as  to  reported  discrepancies  as  to  the  length  and  courses  of  lines  of  prior  approved 
surveys. 

"  where  such  a  state  of  things  actually  exists  the  owner  of  the  new  claim  applied  for, 
who  desires  to  include  an  area  in  his  claim,  conveyed  in  a  patent  of  an  older  claim,  which 
as  a  matter  of  fact  is  not  embraced  in  the  lines  of  the  old  claim  as  staked  upon  the  ground, 
should  procure  the  surrender  of  the  old  patent  by  the  proper  method,  through  the  courts 
if  necessary,  and  then  show  in  a  new  patent  of  the  old  claim  in  its  true  position  as  staked 
and  thus  eliminate  from  the  patent  the  areas  desired  not  in  conflict." 

As  a  result  of  the  above  circular  the  deputy  when  he  finds  a  prior  approved  survey  in 
error  cannot  report  it  out.  but  must  give  a  tie  to  the  position  of  the  comers  as  they  appear 
by  the  records  of  the  Surveyor-Cleneral's  Office  and  not  as  thev  actually  arc  on  the 
ground.  At  present  the  practice  is  to  calculate  ties  to  prior  official  surveys  through  the 
section  comer  connections. 

This  ruling  seems  to  a  certain  extent  to  be  a  violation  of  the  old-established  principle 
that  "monuments  hold  over  descriptions." 
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circumstances  peculiar  to  each  separate  case,  and  the  object  sought 
by  the  required  amendment,  alone  govern  all  special  matters  relative  to 
the  manner  of  making  such  survey  and  the  form  and  subject  matter  to 
be  embraced  in  the  field  notes  thereof,  but  few  general  rules  applicable 
to  cases  can  be  laid  down. 

54.  The  amended  survey  must  be  made  in  strict  conformity  with,  or 
be  embraced  within,  the  lines  of  the  original  survey.  If  the  amended 
and  original  surveys  are  identical,  that  fact  must  be  clearly  and  distinctly 
stated  in  your  field  notes.  If  not  identical,  a  bearing  and  distance  must 
be  given  from  each  established  comer  of  the  amended  survey  to  the 
corresponding  comer  of  the  original  survey.  The  lines  of  the  original 
survey,  as  found  upon  the  ground,  must  be  laid  down  upon  the  pre- 
liminary plat  in  such  manner  as  to  contrast  and  show  their  relation  to 
the  lines  of  the  amended  survey. 

55.  The  field  notes  of  the  amended  survey  must  be  prepared  on  the 
same  size  and  form  of  blanks  as  are  the  field  notes  of  the  original  survey, 
and  the  word  "amended"  must  be  used  before  the  worn  "survey" 
wherever  it  occxirs  in  the  field  notes. 

DESCRIPTIVE    REPORTS    ON    PLACER   CLAIMS 

56.  By  General  Land  Office  circular  approved  December  10,  1891, 
par.  63  (see  Appendix  B  hereof),  you  are  required  to  make  a  full  exam- 
ination of  all  placer  claims  at  the  time  of  survey,  and  file  with  your  field 
notes  a  descriptive  report,  in  which  you  will  describe: 

(u)  The  quality  and  composition  of  the  soil,  and  the  kind  and  amount 
of  timber,  and  other  vegetation. 

(/))  The  locus  and  size  of  streams,  and  such  other  matter  as  may 
appear  upon  the  surface  of  the  claims. 

(c)  The  character  and  extent  of  all  surface  and  underground  work- 
ings, whether  placer  or  lode,  for  mining  purposes,  locating  and  describing 
them,  as  recjuired  by  section  4 1 . 

((/)  The  proximity  of  centres  of  trade  or  residence. 

(e)  The  proximity  of  well-known  systems  of  lode  deposits  or  of 
individual  lodes. 

(/)  The  use  or  adaptability  of  the  claim  for  placer  mining,  and 
whether  water  has  been  brought  upon  it  in  sufficient  fjuantity  to  mine 
the  same,  or  whether  it  can  be  procured  for  that  purpose. 

{g)  What  works  or  ext)enditures  have  been  made  by  the  claimant  or 
his  grantors  for  the  development  of  the  claim,  and  their  situation  and 
location  with  respect  to  the  same  as  applied  for. 

(/i)  The  true  situation  of  all  mines,  salt  licks,  salt  springs,  and  mill 
sites,  which  come  to  your  knowledge,  or  report  that  none  exist  on  the 
claim,  as  the  facts  may  warrant. 

(i)  Said  report  must  be  made  under  oath,  and  duly  corroborated  by 
one  or  more  disinterested  persons. 

57.  Descriptive  reports  on  placer  claims  taken  by  legal  subdivisions 
are  authorized  only  by  special  order,  and  must  contain  a  description  of 
the  claim  in  addition  to  the  foregoing  requirements. 
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PRACTICE 

58.  The  practice  of  employing  the  claimants,  their  attorneys,  or 
parties  in  interest,  as  assistants  in  making  surveys  of  mineral  claims, 
will  not  be  allowed. 

59.  Your  field  work  must  be  accurately  and  properly  performed  and 
your  returns  made  in  conformity  with  the  loregoing  mstructions.  Errors 
m  the  survey  must  be  corrected  at  your  own  expense,  and  if  the  time 
required  in  the  examination  of  your  returns  is  increased  by  reason  of 
your  neglect  or  carelessness,  you  will  be  required  to  make  an  additional 
deposit  tor  office  work.  You  will  be  held  to  a  strict  accountability  for 
the  faithful  discharge  of  your  duties,  and  will  be  required  to  observe 
fully  the  requirements  and  regulations  in  force  as  to  making  mineral 
surveys.  If  found  incompetent  as  a  surveyor,  careless  in  the  discharge 
of  your  duties,  or  guilty  of  a  violation  of  said  regulations,  your  appoint- 
ment will  be  promptly  revoked 

APPLICATION     TO     UNITED     STATES     SURVEYOR-GENERAL 

FOR   SURVEY   OF    MINING   CLAIM 

(4—689.) 

Denver,  Colo.,  January  25,  1893. 

United  States  Surveyor-General, 

Denver,  CoUrrado. 
Sir:  T.  E.  Jenkins  ct  al.,  claimants,  hereby  make  application  for  an 
oflicial  survey,  under  the  provisions  of  Chapter  Six,  Title  Thirty-two, 
of  the  Revised  Statutes  of  tne  United  States,  and  regulations  and  instruc- 
tions thereunder,  of  the  mining  claim  known  as  the  Cumro  Placer  and 
Poorman,  Hawley.  ^tna,  and  Podunk  lodes  and  the  Poorman  mill 
site,  situate  in  Pike's  Peak  Mining  District,  El  Paso  County,  Colorado, 
in  Sections  17,  19,  and  20,  Township  No.  14  S.,  Range  No.  69  W.     Said 

claim  is  based  upon  valid  locations  made  on  various  dates,  18 ,  and 

duly  recorded  on  various  dates,  18 ,  and  is  fully  described  in  the  duly 

certified  copies  of  the  record  of  the  location  certificates  filed  herewith. 
Said  certificates  contain  the  name  of  the  locators,  the  dates  of  location, 
and  such  a  definite  description  of  the  claim  by  reference  to  natural 
objects  or  permanent  monuments  as  will  identify  the  claim,  and  said 
locations  have  been  distinctly  marked  by  monuments  on  the  ground, 
so  that  their  boundaries  can  be  readily  traced. 

I  request  that  you  will  send  me  an  estimate  of  the  amount  required 
to  defray  the  expenses  of  platting  and  other  work  in  your  olTice,  ref|uircd 
under  tne  regulations,  that  I  may  make  proper  deposit  therefor,  and 
that  thereupon  you  will  cause  the  survey  to  be  made  by  A.  L.  Hawley, 
United  States  deputy  mineral  surveyor,  and  proper  action  to  be  taken 
thereon  by  your  olVice,  as  required  by  the  Lnited  States  mining  laws 
and  regulations  thereunder. 

J.  E.  Jenki.vs, 
For  himself  and  co-claimants. 
P.  O.  address:  Denver, 

Arapahoe  County,  Colorado. 

(4—682.) 


752  SURVEYING 


ORDER   FOR   MINERAL   SURVEY 

Department  of  the  Interior, 
Office  of  U.  S.  Surveyor-General, 
Denver,  Colo.,  February  6,  1893. 
To  a.  L.  Hawley, 

U,  5.  Deputy  Mineral  Surveyor^ 

Denver,  Colorado. 
Sir:  Application  has  been  filed  in  this  office  by  T.  E.  Jenkins  et  aL, 
dated  January  25,  1893,  for  an  official  survey  of  the  mining  claim  of 
T.  E.  Jenkins  et  al.,  known  as  the  Cumro  Placer  and  Poorman,  Hawley, 
i€tna,  and  Podunk  lodes  and  Poorman  mill  site,  situate  in  Pike's  Peak 
Mining  District,  El  Paso  Coimty,  in  Sections  17,  19,  and  20,  Township 
No.  14  S.,  Range  No.  69  W.,  which  claim  is  based  upon  locations  made 
on  May  i,  1892,  May  4,  1892,  May  4,  1888,  Tune  4,  1892,  Jime  14,  1891, 
and  December  5,  1891,  respectively,  and  duly  recorded  various  dates, 
18 — ,  and  is  fully  described  m  the  diily  certified  copies  of  the  record  of 
the  location  certificates  filed  by  the  applicants  for  said  siirvey,  copies  of 
which  are  herewith  inclosed.  You  are  hereby  directed  to  make  the  survey 
of  said  claim  in  strict  conformity  with  existing  laws,  official  regulations, 
and  instructions  thereimder,  and  to  make  proper  return  to  this  office. 
Said  survey  will  be  designated  as  Survey  No.  8000,  A.  and  B. 

Very  respectfully, 

U.  5.  Survey  or 'General 

for  Colorado. 
SPECIMEN    FIELD    NOTES   . 

(4—683.) 

[  Mineral  Survey  No 8000,  A  and  B  . .  . . 

Pueblo   Land  District. 


FIELD   NOTES 

Oi'  the  survey  of  the   mining  CL4IM   OF 

T.  E.  Jenkins,  et  al.^ 

KNOWN   AS  the 

....   Cumro  Placer  and  Poorman,  Hawley,  -^tna,  <ind  Podimk  Lodes, 

and  Poorman  Mill  Site 

Pike's  Peak Mining  District, 

El  Paso County, Colorado 

Sections 17.  i9»  and  20,  . . Township 14  S., 

Range 69  W 

Surveyed  under  instructions  dated February  6,  1893 

by  A.  L.  HAWLEY,   

U.  S.  Deputy  Mineral  Surveyor, 

Claim  located ,  18 ... . 

Survey  commenced February    9,  1893 .... 

Survey  completed February  1 2,  1893 

Address  of  claimants: 

Denver, 

Colorado 
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Feet. 


660 


182.3 


84  5 


67.2 


SURVEY  8000  A 


CUMRO    PLACER 


TRACT   A 

Beginning  at  Cor.  No.  i. 

identical  with  the  SW.  Cor  of  the  location  and  with  the 
SW.  Cor.  of  sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  Principal 
Meridian. 

A  pine  post,  4i  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  stone,  alongside  the  section  comer,  scribed 
1-8000  A,  whence 

A  spruce,  17  ins.  diam.,  bears  N.  8°  41'  W.  7  ft.,  and  a  spruce, 
14  ins.  diam.,  bears  S.  68®  14',  E.  18.5  ft.,  each  blazed  and 
scribed  B.  T.  1-8000  A. 

James  Peak  bears  N.  52°  21'  W. 

Hahns  Peak  bears  N.  29**  28'  W. 


Thence  North. 
Va.  u"*  22'  E. 
To  Cor.  No.  2. 

Identical  with  a  comer  of  the  location. 

A  pine  post,  4^  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  with  mound  of  earth  and  stone,  scribed  2-8000  A, 
whence 

A  spruce,  18  ins.  diam.,  blazed  and  scribed  B.  T.  2-8000  A, 
bears  S.  14**  47',  E.  17.3  ft. 


Thence  N.  89**  50'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  3. 

On  line  1-2  Hawley  lode  of  this  survey. 
A  cedar  post,  5  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  earth,  scribed  3-8000  A,  whence 

A  comer  of  the  location  bears  N.  89°  50'  E.  11 26.7  ft. 


Thence  S.  3°  48'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  4. 

A  pine  post,  4!  ft.  long,  4  ins.  square,  set  2  ft.  in  the  groimd, 
with  motmd  of  stone,  scribed  4-1-8000  A,  whence 

A  pine,  14  ins.  diam.,  bears  S.  21®  47'  E.  14.3  ft.,  and  a 
spruce,  II  ins.  diam.,  bears  N.  14®  52'  E.  6  ft.,  each  blazed  and 
scribed  B.  T.  4-1-8000  A. 


Thence  N.  86®  12'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  5. 

On  line  1-2  Poorman  lode  of  this  survey. 
A  Cottonwood  post,  5  ft.  long,  4  ins.  square,  set  2  ft.  in  the 
ground,  with  mound  of  stone,  scribed  5-8000  A. 
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Feet. 
243-4 


35048 


542.38 


416.8 


555-44 


210. 


132Q.42 


Thence  S.  17^  38'  W. 
Va.  14°  36'  E. 
To  Cor.  No.  6. 

A  pine  post,  4J  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  earth,  scribed  6-1-8000  A,  whence 
A  high  Mt.  bears  N.  51*^  14'  E. 

Thence  S.  41°  14'  E. 
Ya.  14''  30'  E. 
To  Cor.  No.  7. 

A  granite  bowlder,  27  X  12  X9  ins.,  set  16  ins.  in  the  ground, 
chiselled  7-6-8000  A. 

Thence  N.  17°  38'  E. 
Va.  14°  30'  E. 
To  Cor.  No.  8. 

On  line  4-1  Hawley  lode  oi  this  survey. 
A  pine  post,  4I  ft.  long,  5  ins.  sciuare,  set  2  ft.^n  the  ground, 
scribed  8-8000  A. 


Thence  N.  86°  12'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  Q. 

On  line  3-4  Podunk  lode  of  this  survey. 
A  granite  stone,  26X16X6  ins.,  set  18  ins.  in  the  ground, 
with  mound  of  stone,  chiselled  9-8000  A. 


Thence  S.  41°  14'  E. 
Va.  14°  28'  E. 
To  Cor.  No.  10. 

On  line  4-1  Sur.  No.  7000,  Ajax  lode,  claimant  unknown. 
A  pine  post,  4^  ft.  long.  4  ms.  square,  set  18  ins.  in  the 
ground,  with  mound  of  earth,  scribed  10-8000  A. 

Thence  S.  f  45'  W. 
Va.  14°  25'  E. 
To  Cor.  No.  II. 

On  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  N.  75*^  45'  E.,  10.73 
ft.  from  Cor.  No.  4. 

A  pine  post,  5  ft.  long,  4  ins.  square,  set  2  ft.  in  the  ground, 
with  mound  of  earth  and  stone,  scribed  1 1-8000  A,  whence 

A  Cottonwood  post,  8  ins.  diam.,  blazed  and  scribed  B.  T. 
11-8000  A,  bears  N.  33°  27'  W.  5  ft. 

Thence  vS.  89°  50'  W, 
Va.  14°  25'  E. 
To  Cor.  No.  I,  the  place  of  beginning. 


TRACT    B. 

Beginning  at  Cor.  No.  12. 

At  intersection  of  lines  3-4,  vEtna  lode  of  this  survey,  and 
Aztec  lode,  unsurveyed,  John  Doe,  claimant. 
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Feet. 


397-33 


300. 
330  7 


769.6 


265. 
7581 


8iQ.  I 


A  spnice  post,  4^  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  scribed  1 2-8000  A,  whence 

A  pine  stump,  18  ins.  diam.,  3  ft.  high,  blazed  and  .scribed 
B.  S.  12-8000  A,  bears  N.  89°  11'  E.  9.4  ft. 

Thence  S.  41°  14'  E. 
Va.  14°  30'  E. 
To  Cor.  No.  13. 

A  sandstone,  36X20X4  ins.,  set  16  ins.  in  the  ground  with 
mound  of  stone,  chiselled  13-3-8000  A. 

Thence  S.  48°  46'  W. 

Va.  14°  30'  E. 

Cor.  Nos.  2,  i^tna  and'  Podunk  lodes  of  this  survey,  a  point  in 

Cumro  Creek,  4  ft.  wide,  flows  west. 
To  Cor.  No.  14. 

A  rock  in  place  6X4X2  ft.  above  the  general  surface, 
chiselled  cross  (X)  at  comer  point  and  14-W.  C.  2-2-8000  A, 
whence. 

Cor.  No.  1 1,  Tract  A,  of  this  survey,  bears  S.  89°  50'  W.  539 
ft. 


Thence  N.  89°  50'  E. 
Va.  14°  30' E. 
To  Cor.  No.  15. 

Identical  with  the  S.  }  Cor.  of  said  Sec.  17,  and  with  the 
SE.  Cor.  of  the  location. 

A  granite  stone,  12  X  10X6  ins.  above  the  ground,  chiselled 
15-8000  A. 

Thence  North. 
Va.  14°  30'  E. 
Cumro  Creek,  4  ft.  wide.  Hows  S.  65°  W. 
To  Cor.  No.  16. 

On  line  3-4,  Aztec  lode,  unsurveyed,  at  S.  72*^  43'  W.  1156 
ft.  from  Cor.  No.  3. 

A  spruce  post,  44  ft.  long,  4  ins.  sciuarc,  set  6  ins.  in  the 
ground  to  bed  rock,  with  mound  of  earth  and  stone,  scribed 
16-8000  A. 


Thence  S.  72°  43'  W. 
Va.  14''  28'  E. 
To  Cor.  No.  12,  the  place  of  beginning. 


TRACT  c. 

Beginning  at  Cor.  No.  17. 

On  line  1-2,  Aztec  lode,  unsurveyed,  at  S.  72°  43'  W.  22.26 
ft.  from  Cor.  No.  2. 

A  pine  post,  4J  ft.  long,  4  ins.  square,  set  12  ins.  in  the 
ground  to  bed  rock,  with  mound  of  stone,  scribed  17-8000  .A, 
whence. 

Cor.  No.  16,  Tract  B,  of  this  survey,  bears  S.  314.2  ft. 
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SURVEYING 


Feet. 
938.26 


530 


824.43 


247.72 


243 -4 

565-7 
831.4 


Thence  S.  72°  43'  W. 
Va.  14°  40'  E. 
To  Cor.  No.  18. 

At  intersection  of  lines  1-2  and  2-3,  Aztec  lode,  unsurveyed, 
and  Sur.  No.  7000,  Ajax  lode,  respectively. 

A  cross  (X)  at  comer  point  and  18-8000  A  chiselled  on  a 
granite  rock  in  place,  showing  10X3X2  ft.  above  the  general 
surface. 


Thence  N.  7^  45'  E. 
Va.  14°  30'  E. 
To  Cor.  No.  19. 

On  line  2-3.  Sur.  No.  7000,  Ajax  lode,  at  S.  7°  45'  W.  116.4 
ft.  from  Cor.  No.  2. 

A  granite  stone,  28X10X3  ins.,  set  12  ins.  in  the  ground, 
chisefled  19-8005,  whence 

A  comer  of  the  location  bears  S.  89°  50'  W.  484.6  ft. 

Thence  N.  89°  50'  E. 
Va.  14°  30'  E. 
To  Cor.  No.  20. 

A  granite  rock,  30X20X16  ins.,  set  16  ins.  in  the  ground, 
chiselled  20-8000  A,  whence 

A  cross  (X)  and  B.  R.  20-8000  A,  chiselled  4  ft.  above  the 
ground  on  a  limestone  cliff  20  ft.  high,  bears  S.  S^°  11'  E. 
45.6  ft. 

Thence  South. 
Va.  14°  30'  E. 
To  Cor.  No.  17,  the  place  of  beginning. 

AREA. 

Tract  A,  containing 14.660  acres. 

Tract  B,  containing 9. 858 

Tract  C,  containing ., 7-532 

Total  area  Cumro  placer 32.070  acres. 

POORMAN    LODK. 

Beginning  at  Cor.  No.  i. 

Identical  with  Cor.  No.  6  Cumro  placer  of  this  survey, 
^vhence 

The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M., 
bears  S.  27°  28'  W.  393.26  ft. 

Thence  N.  17°  38'  E. 
Cor.  No.  5  Cumro  placer  and  intersect  line  4-1  Hawley  lode, 

both  of  this  survey. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
To  Cor.  No.  2. 

A  granite  rock,  30X20X16  ins.,  set  16  ins.  in  the  ground, 
chiselled  2-8000  A. 
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Feet. 
661.57 


300 


300 

578 


64.4 
386.7 

929.04 


350-48 


Thence  N.  48*^  46'  E. 
To  Cor.  No.  3. 

A  pine  post,  5  ft.  long,  4  ins.  square,  set  22  ins.  in  the  ground, 
to  bed  rock,  scribed  3-8000  A. 

Thence  S.  41°  14'  E. 
To  Cor.  No.  4. 

A  cedar  post,  4 J  ft.  long,  5  ins.  square,  set  18  ins.  in  the 
ground,  scnbed  4-4-8000  A,  whence 

Cor.  No.  I  Sur.  No.  7000,  Ajax  lode,  bears  N.  72°  22'  E. 
422.6  ft. 

Thence  S.  48°  46'  W. 
Cor.  Nos.  I  i^tna  and  Podunk  lodes  of  this  survey. 
To  Cor.  No.  5. 

A  cedar  stump,  3  ft.  high,  hewed  to  4  ins.  square,  surrounded 
by  mound  of  stone,  scribed  5-4-8000  A,  whence 

A  cross  (X)  and  B.  R.  5-4-8000  chiselled  on  a  oorphyry 
stone,  showing  9X6X4  ft.  above  the  ground,  bears  N.  75®  14' 
E.  32.7  ft. 

Thence  S.  17°  38'  W. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
Cor.  No.  8  Cumro  placer  and  intersect  line  4-1  Hawley  lode, 

both  of  this  survey. 
To  Cor.  No.  6. 

Identical  with  Cor.  No.  7  Cumro  placer  of  this  survey. 

Thence  N.  41°  14'  W. 
To  Cor.  No.  I,  the  place  of  beginning. 


84.5 
300 


185 
507-3 


HAWLEY    LODE. 

Beginning  at  Cor.  No.  i. 

Identical  with  Cor.  No.  i  of  the  location  and  with  Cor.  No. 
4  Cumro  placer  of  this  survey,  whence 

The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M. 
bears  S.  18°  4'  W.  606.1  ft. 

Cor.  No.  I  Poorman  lode  of  this  survey  bears  S.  1°  41'  W. 
227.6  ft. 

Thence  N.  3^  48'  W. 
Va.  14°  28'  E. 
Cor.  No.  3  Cumro  placer  of  this  survey. 
To  Cor.  No.  2. 

A  sandstone,  30X12X2  ins.,  set  14  ins.  in  the  ground, 
chiselled  2-8000  A,  whence 

Cor.  No.  4  of  the  location  bears  N.  45°  W.  28.5  ft. 

Thence  N.  86°  12'  E. 
Va.  14°  25'  E. 
Intersect  line  1-2  Poorman  lode  of  this  survey. 
Intersect  line  5-6  Poorman  lode  of  this  survey. 
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SURVEYING 


Feet. 
567.6 
926.7 
1264. 7 


150 
250.6 

300 


30.8 

108.3 
206 

458.4 
875-2 

1197-5 
I 264 . 7 


288.3 
641 . 2 


Intersect  line  3-4  Podunk  lode  of  this  survey. 

Intersect  lines  1-2  Podunk  and  ^tna  lodes  of  this  survey. 

To  Cor.  No.  3. 

A  granite  stone,  26X14X8  ins.,  set  12  ins.  in  the  ground 
with  mound  of  stone,  chi.selled  3-8000  A,  whence 

Cor.  No.  3  of  the  location  bears  N.  86°  12'  E.  235.3  ^^• 

Cor.  No.  I  Sur.  No.  7000,  Ajax  lode,  bears  N.  1 1"^  E.  529.9  ft. 

Cor.   No.    I   Aztec  lode,  imsurveyed,   bears  S.   32*^  30'  W. 
378.4  ft. 

Thence  S.  3^  48'  E. 

Va.  m"*  26'  E. 

Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7°  45'  W. 

676  ft.  from  Cor.  No.  i. 
Intersect  line   1-2  Aztec  lode,  unsurveyed,  at  N.  72°  43'  E. 

229.8  ft.  from  Cor.  No.  1. 
To  Cor.  No.  4. 

A  pine  post,  4 J  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  scribed  4-8000  A,  whence 

Cor.  No.  4  of  the  location  bears  N.  86°  12'  E.  235.3  ft. 

Thence  S.  86°  12'  W. 

Va.  14°  15'  E. 

Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7°  45'  W. 

829.1  ft.  from  Cor.  No.  i. 
Intersect  lines  1-2  /Etna  and  Podunk  lodes  of  this  survey. 
Intersect  line  1-2  Aztec  lode,  unsurveyed,  at  N.  72°  43'  E.  18.1 

ft.  from  Cor.  No.  i. 
Cor.  No.  9  Cumro  placer  and  intersect  line  3-4  Podunk  lode, 

both  of  this  survey. 
Cor.  No.  8  Cumro  placer  and  intersect  line  5-6  Poorman  lode, 

both  of  this  survey. 
Cor.  No.  5  Cumro  placer  and  intersect  line  1-2  Poorman  lode, 

both  of  this  survey. 
To  Cor.  No.  I,  the  place  of  beginning. 

;etna  lode 

Beginning  at  Cor.  No.  i. 

On  line  4-5  Poorman  lode  of  this  survey. 

A  pine  post,  4i  ft.  long,  4  ins.  scjuare,  set  18  ins.  in  the 
ground,  scribed  1-1-8000  A,  whence 

The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M., 
bears  S.  38°  2'  W.  1465  ft. 

Cor.  No.  1  Aztec  lode,  un.surveyed,  bears  S.  3  2°  19'  E.  607.76  ft. 

Cor.  No.  3  Hawley  lode  of  this  survey,  bears  S.  69°  46'  E. 
561.9  ft. 

Thence  S.  41°  14'  E. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
Intersect  line  1-2  Aztec  lode,  unsurveyed,  at  N.  72°  43'  E. 
103.1  ft.  from  Cor.  No.  i. 
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Feet. 
666.1 
766.9 

969  5 
I I 64. 7 

1500 


300 


397-33 

596.43 
7256 

994 
1500 


300 


288.3 
641 .2 

666.1 
766.9 

969.5 


Intersect  line  4-1  Hawley  lode  of  this  stirvey. 

Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7®  45'  W. 

910.9  ft.  from  Cor.  No.  i.   . 
Intersect  line  3-4  Aztec  lode,  imsurveyed,  at  N.  72°  43'  E. 

236.3  ft.  from  Cor.  No.  4. 


Intersect  line  2-3  Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E. 

Cor.  ~" 
To' Cor.  No.  2. 


328.2  ft.  from  Cor.  No.  3. 


On  line  13-14  Cumro  placer  of  this  survey. 

Not  set,  as  it  falls  in  the  centre  of  Cumro  Creek,  where  per- 
manent comer  could  not  be  established,  whence 

Witness  comer  to  Cor.  No.  2,  identicid  with  Cor.  No.   14 
Cumro  placer  of  this  survey,  bears  S.  48°  46'  W.  30.7  ft. 
Cor.  No.  3  Sur.  No.  7000,  Ajax  lode,  bears  S.  74*^  38'  W.  275.2  ft. 

Thence  N.  48°  46'  E. 
To  Cor.  No.  3. 

Identical  with  Cor.  No.  13  Cumro  placer  of  this  survey. 

Thence  N.  41°  14'  W. 
Cor.  No.   12  Cumro  placer  of  this  survey  and  intersect  line 
3-4  Aztec  lode,  imsurveyed,  at  N.  72®  43'  E.  564.6  ft.  from 
Cor.  No.  4. 


Intersect  line  2-3  Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E. 

Cor.  No.  J. 
Intersect  line  1-2  Aztec  lode,  imsurveyed,  at  N.  73**  43'  E. 


725.8  ft.  from 


431.3  ft.  from  Cor.  No.  1. 
Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7®  45'  W. 

513.2  ft.  from  Cor.  No.  i. 
To  Cor.  No.  4. 

Identical  with  Cor.  No.  4  Poorman  lode  of  this  survey. 

Thence  S.  48°  46'  W. 
To  Cor.  No.  I,  the  place  of  beginning. 

PODUNK  LODE 

Beginning  at  Cor.  No.  i. 

Identical  with  Cor.  No.  i  .^tna  lode  of  this  survey,  whence 

Cor.  No.  2  of  the  location  bears  N.  48°  46'  E.  22  It. 

The  SW.  Cor.  Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M., 

bears  S.  38°  2'  W.  1465  ft. 


'°  43' 


E. 


Thence  S.  41*^  14'  E. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
Intersect  line  1-2  Aztec  lode,  imsurveyed,  at  N.  72 

103. 1  ft.  from  Cor.  No.  i. 
Intersect  line  4-1  Hawley  lode  of  this  survey. 
Intersect  line  4-1  Sur.  No.  7000,  Ajax  lode,  at  S.  7®  45'  W. 

910.9  ft.  from  Cor.  No.  i. 
Intersect  line  3-4  Aztec  lode,  imsurveyed,  at  N.  72°  43'  E. 

236.3  ft.  from  Cor.  No.  4. 
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SURVEYING 


Feet. 
1 1 64 . 7 

1500 


30-7 


250 


278 


37 

15s 

4913 


1046. 7 

1424-5 
1500 


278 


Intersect  line  2-3  Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E. 

328.2  ft.  from  Cor.  No.  3. 
To  Cor.  No.  2. 

In  Cumro  creek. 

Identical  with  Cor.  No.  2  -^tna  lode  of  this  survey,  whence 

Cor.  No.  3  of  the  location  bears  N.  48°  46'  E.  22  ft. 

Thence  S.  48*^  46'  W. 
Witness  comer  to  Cor.  No.  2. 

Identical  with  witness  comer  to  Cor.  No.  2  ^tna  lode,  and 
with  Cor.  No.  14  Cumro  placer,  both  of  this  survey. 
Witness  comer  to  Cor.  No.  3* 

A  granite  stone,  30X20X4  ins.,  set  14  ins.  in  the  ground, 
with  mound  of  stone,  chiselled  W.  C.  3-8000  A,  whence 

A  cedar  stump,  14  ins.  diam.,  2  ft.  nigh,  blazed  and  scribed 
B.  S.  W.  C.  3-8000  A.  bears  N.  7°  56'  W.  8.4  ft. 

Pike's  Peak  bears  N.  5*^  E. 
To  Cor.  No.  3. 

On  face  of  inaccessible  granite  cliff. 

Identical  with  Cor.  4  of  the  location. 

Thence  N.  41°  14'  W. 
Cumro  creek,  4  ft.  wide,  course  S.  80°  W. 
Intersect  line  3-4  Sur.  No.  7000,  Ajax  lode,  at  N.  82®  15'  W. 

46.3  ft.  from  Cor.  No.  3. 
Cor.  No.  10  Cumro  placer  of  this  survey  and  intersect  line  4-1. 
Sur.  No.  7000,  Ajax  lode,  at  N.  7°  45'  E.  220.7  ft.  from  Cor. 

No.  4. 
Cor.  No.  9  Cumro  placer  and  intersect  line  4-1  Hawley  lode, 

both  of  this  survey. 
Intersect  line  2-3  Hawley  lode  of  this  survey. 
To  Cor.  No.  4. 

Identical  with  Cor.  No.  5  Poorman  lode  of  this  survey  and 
with  Cor.  No.  i  of  the  location. 


Thence  N.  48°  46'  A. 
To  Cor.  No.  I,  the  place  of  beginning. 

Variation  at  all  comers  of  the  Poorman,  .^tna,  and  Podunk 
lodes,  14°  30'  E. 


AREA 

Total  area  Hawley  lode 8.7 10  acres. 

Area  in  conflict  with 

Poorman  lode  of  this  survey 2.220 

Sur.  No.  7000,  Ajax  lode 053 

Aztec  lode,  unsurveyed 117 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 

with  Sur.  7000,  Ajax  lode) 089 

Total  area  Hawley  lode 8.7 10  acres. 
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Less  area  in  conflict  with 

Pcxjrman  lode  of  this  survey 2.220  acres. 

Sur.  No.  7000,  Ajax  lode 053 

Aztec  lode,  iinsurveyed 089     * '      =  2.362  acres. 

Net  area  Hawley  lode 6.348  acres. 

Total  area  i^tna  lode ^^ZZ  ^  acres. 

Area  in  conflict  with 

Hawley  lode  of  this  survey i-537 

Sur.  No.  7000,  Ajax  lode 2.738 

Sur.  No.  7000,  Ajax  lode  (exclusive  of  its  conflict 

with  Hawley  lode  of  this  survey) 2. 167 

Aztec  lode,  unsurveyed 2.261 

Aztfec  lode,  unsurveyed  (exclusive  of  its  conflict 

with  Hawley  lode  of  this  survey) 2. 167 

Aztec  lode,  luisurveyed  (exclusive  of  its  conflict 

with  Sur.  No.  7000,  Ajax  lode) 484 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 
with  Hawley  lode  of  this  survey  and  Sur.  No. 

7000,  Ajax  lode) 418 

Total  area  i^tna  lode 1 0.33 1  acres. 

Less  area  in  conflict  with 

Hawley  lode  of  this  survey 1.537  acres. 

Sur.  No.  7000,  Ajax  lode 2.685 

Aztec  lode,  unsurveyed 418     '  *      =>4.640 


i  < 
« t 


i  < 


•  < 


« i 


« < 


•  < 


Net  area  -^tna  lode 5.69 1  acres. 

Total  area  Podunk  lode 9-573  acres. 

Area  in  conflict  with 

Hawley  lode  of  this  survey 2.41 1 

Sur.  No.  7000,  Ajax  lode 2.526 

Aztec  lode,  unsurveyed 1.169 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 

with  Hawley  lode  of  this  survey) 1.147 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 

with  Sur.  No.  7000,  Ajax  lode) 811 

Aztec  lode,  unsurveyed  (exclusive  of  its  conflict 

with  Hawley  lode  of  this  survey  and  Sur.  No. 

7000,  Ajax  lode) 789 


<  < 

<  t 


Total  area  Podunk  lode 9-573  acres. 

Less  area  in  conflict  with 

Hawley  lode  of  this  survey 2.41 1  acres. 

Sur.  No.  7000,  Ajax  lode 2.516 

Aztec  lode,  tmsurveyed 789     '*      =5.716 


i  t 


Net  area  Podunk  lode 3  85 7  acres. 

Net  area  Hawley  lode 6.348 

Net  area  ^tna  lode 5.69 1      * ' 

Total  and  net  area  Poorman  lode ^o-33 1 


i  t 


Net  area  lode  claim 26.227  acres. 
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Feet. 


65 
858 
921 . 2 


467.66 


700 


SURVEY   No.  8000  B 

POORMAN  MILL  SITE 

Beginning  at  Cor.  No.  i . 

A  spruce  post,  5  ft.  long,  4  ins.  square,  set  18  ins.  in  the 
ground,  scribed  1-8000  B,  whence 

Cor.  No.  6  Sur.  No.  8000  A,  Poonnan  lode,  bears  N.  50°  8' 
E.  3782  ft. 

The  NE.  Cor.  Sec.  19,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M., 
bears  N.  46**  48'  E.  3416.9  ft. 

Thence  S.  85^  51' W. 

Cumro  creek,  4  ft.  wide,  flows  N.  65®  W. 

Cumro  creek,  4  ft.  wide,  flows  South. 
To  Cor.  No.  2. 

A  granite  stone,  28X12X10  ins.,  set  12  ins.  in  the  ground, 
with  mound  of  stone,  chiselled  2-8000  B.  whence 

A  pine,  12  ins.  diam.,  blazed  and  scribed  B.  T.  2-8000  B, 
bears  W.  9.5  ft. 

Thence  N.  37''  55'  E. 
To  Cor.  No.  3. 

A  granite  stone,  30X12X8  ins.,  set  18  ins.  in  the  ground, 
with  mound  of  stone,  chiselled  3-8000  B. 

Thence  S.  64°  25'  E. 
To  Cor.  No.  I,  the  place  of  beginning. 

Containing  3.671  acres. 

Variation  at  all  comers,  14°  45'  E. 


The  surveys  of  the  Poorman  and  /Etna  lodes  and  the  Poorman  mill 
site  are  identical  wij,h  the  respective  locations. 


LOCATION 


This  claim  is  located  in  the  SW.  \  of  Sec.  17,  the  NE.  }  of  Sec  19, 
and  the  NW.  J  of  Sec.  20,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M. 


EXPENDITURE  OF  FIVE  HUNDRED  DOLLARS 

I  certify  that  the  value  of  the  labor  and  improvements  upon  this 
claim,  placed  thereon  by  the  claimants  and  their  grantors,  is  not  less 
than  five  hundred  dollars,  and  that  said  improvements  consist  of: 

Placer  workings,  the  centre  of  the  northeasterly  end  of  which  bears 
from  Cor.  No.  15,  Cumro  placer,  N.  46°  W.  285  ft.,  averaging  40  ft.  wide 
and  8  ft.  deep,  and  extending  S.  62**  W.  120  ft.  along  the  bed  of  Cumro 
creek.  Value.  $800. 

The  discovery  shaft  of  the  Poorman  lode,  which  bears  from  Cor.  No.  5 
N.  56**  48'  W.  955.7  ft.,  6X4  ft.,  12  ft.  deep.  Value,  $100. 
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The  discovery  cut  of  the  Podunk  lode,  the  face  of  which  bears  from 
Cor.  No.  4  S.  88°  13'  E.  205.2  ft.,  5  ft.  wide,  10  ft.  face,  running  N. 
50®  E.  24  ft.  in  earth  and  rock.  Value,  $110. 

The  incline  discovery  shaft  of  the  ^tna  lode,  the  mouth  of  which 
is  on  the  centre  line  75  ft.  from  the  centre  of  line  4-1,  4J  X6  ft.,  24  ft. 
deep  in  rock,  timbered,  course  S.  48°,  dip.  60®.  Value,  $250. 

The  last  120  ft.  of  a  tunnel,  the  mouth  of  which  bears  from  Cor.  No.  6, 
Poorman  lode,  N.  67°  48'  E.  528  ft.,  5X6  ft.  running  N.  10°  44'  W.  515  ft. 
to  breast.  The  point  of  discovery  of  the  Hawley  lode  is  in  this  tunnel 
475  ft.  from  the  mouth,  and  bears  from  Cor.  No.  i,  N.  75°  52'  E.  702.5  ft. 

Value  of  last  120  ft.,  $2,300. 

This  tunnel  is  in  course  of  construction  for  the  development  of  this 
claim  and  Surs.  Nos.  6582  and  6583,  Roy  and  Raymond  lodes,  claimants 
unknown.  An  undivided  half  interest  in  the  first  375  ft.  of  this  tunnel  has 
been  credited  to  each  of  the  last  two  mentioned  surveys. 

A  shaft  on  the  centre  line  of  the  Hawley  lode  672  ft.  from  the  centre 
of  line  1-2,  3i  X6  ft.,  20  ft.  deep  in  earth  and  rock,  timbered,  at  the  bot- 
tom of  which  is  a  drift  4  X  6  ft.  running  N.  86°  E.  18  ft. 

Value  of  shaft  and  drift,  $300. 

The  surface  embraced  by  this  claim  ascends  rapidly  from  the  mouth 
of  the  tunnel  towards  Cor.  No.  3  of  the  Poorman  lode,  the  northerly  ends 
of  the  Poorman,  >Etna,  and  Podunk  lodes  being  from  300  to  500  ft.  higher 
than  the  mouth  of  the  tunnel.  The  veins  of  the  yEtna  and  Podunk  lodes 
dip  about  60°  to  the  S.W.  The  tunnel,  described  and  included  in  the 
estimate  of  expenditure,  continued  in  its  present  course,  will  cut  the 
veins  of  the  several  locations  at  great  depth,  whereby  by  one  system  of 
workings  and  one  plant  of  machinery  the  entire  claim  can  be  most 
advantageously  and  economically  developed. 

OTHER  IMPROVEMENTS 

A  shaft  which  bears  from  Cor.  No.  20  Cumro  placer,  S.  48°  30'  W. 
305  ft.,  3X5  ft.,  12  ft.  deep  in  earth  and  gravel.   A.  K.  Smith,  claimant. 

A  log  cabin,  the  W.  corner  of  which  bears  from  Cor.  No.  13  Cumro 
placer,  S.  40°  E.  120  ft.,  12  X  16  ft.,  course  of  long  sides  N.  44°  E. 

A  log  cabin,  the  N.W.  Cor.  of  which  bears  from  Cor.  No.  3  Sur.  No. 
8000  B,  Poorman  mill  site,  S.  10°  40'  E.  107  ft.,  16  ft.  square,  coixrse  of 
sides  S.  3°  E.     Said  cabins  belong  to  claimants  herein. 

INSTRUMENT 

TJiis  survey  was  made  with  a  Gurley  Light  Moimtain  Transit.  The 
courses  were  aeflected  from  the  true  meridian  as  determined  by  direct 
solar  observations.  The  distances  were  measured  with  50-ft.  and  500-ft. 
steel  tapes. 

Note. — ^The  disagreements  between  these  field  notes  and  the  loca- 
tion certificates  of  the  Hawley  and  ^^tna  lodes  and  the  Poorman  mill 
site,  with  regard  to  the  position  of  the  discovery  point  and  the  course  of 
the  boundary  lines,  are  due  to  errors  in  the  latter. 

Note. — Neither  E.  E.  Ames  nor  myself,  who  appear  as  locators  of 
the  Hawley  lode,  held  any  interest,  directly  or  indirectly,  in  this  claim 
at  the  time  maJking  the  survey,  having  sold  our  interests  in  Jxme,  1 890. 
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(4-^85.) 
FINAL  OATHS  FOR  SURVEYS 

LIST    OF    NAMES 

A  list  of  the  names  of  the  individitals  employed  by.... A.  L. 
Hawley . .  . . ,  United  States  deputy  mineral  surveyor,  to  assist  in  running, 
measuring  and  marking  the  lines,  comers,  and  boundaries  described  in 
the  foregoing  field  notes  of  the  survey  of  the  mining  claim  of . .  .  .T.  E. 

Jenkins  et  al ,  known  as  the . .  .  .Cumro  placer  and  Poorman,  Hawley, 

rEtna,  and  Podunk  lodes,  and  Poorman  mill  site . ,  . . ,  and  showing  the  re- 
sf>ective  capacities  in  which  they  acted: 

,  Chainman. 

E.  E.  Ames Chainman. 

G.  W.  Trommlitz ,    Axeman. 

,  Flagman. 


FINAL    OATHS    OF    ASSISTANTS 

We,. .  .  .E.  E.  Ames. .  .  .and. .  .  .G.  W.  Trommlitz. .  . .,  do  solemnly 
swear  that  we  assisted . .  . . A.  L.  Hawley. .  . .,  United  States  deputy  min- 
eral surveyor,  in  marking  the  comers  and  surveying  the  boundaries  of 

the  mining  claim  of . .  .  .T.  E.  Jenkins  ct  al ,  known  as  the. .  .  .Cumro 

placer  and  Poorman,  Hawley,  ^tna,  and  Podunk  lodes,  and  Poorman 
mill  site ....  represented  in  the  foregoing  field  notes  as  having  been  sur- 
veyed by  said  deputy-mineral  surveyor  and  under  his  direction;  and  that 
said  survey  has  been  in  all  respects,  to  the  best  of  our  knowledge  and 
belief,  faithfully  and  correctly  executed,  and  the  comer  and  boundary 
monuments  established  according  to  law  and  the  instructions  furnished 
by  the  United  States  Surveyor-General  for ....  Colorado 

,  Chainman. 

E.  E.  Ames ,  Chainman. 

G.  W.  Trommlitz Axeman, 

,  Flagman. 

Subscribed  and  sworn  to  by  the  above-named  persons  before  me  this 

....  13th day  of February.  .  . .  1893. 

[sEAL.J  A.  L.  Hawley , 

Notary  Public , 

El  Paso  County,  C\>lorado. 

My  commission  expires  July  28th,  1896. 

(4—686.) 

FINAL  OATH  OF  UNITED  STATES  DEPUTY  MINER^XL 

SURVEYOR 

I,  ....A.  L.  Hawley....,  United  States  deputy  mineral  surveyor, 
do  solemnly  swear  that,  in  pursuance  of  instructions  received  from  the 
United  States  Surveyor-General  for . . .  .Colorado . .  . . ,  dated ....  February 
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6th,  1 89^  . .  . . ,  I  have,  in  strict  conformity  to  the  laws  of  the  United  States, 
the  oHicial  regulations  and  instructions  thereunder,  and  the  instructions 
of  said  Surveyor-General,  faithfully  and  correctly  executed  the  survey  of 

the  mining  Claim  of ....  T.  E.  Jenkins  et  al ,  known  as  the ....  Cumro 

placer  and  Poorman,  Hawley,  ^tna,  and  Podimk  lodes,  and  Poorman 

mill  site . . . . ,  situate  in  ....  Pike's  Peak ....  Mining  District El  Paso 

. .  .  .County . .  . . ,  Colorado . .  . . ,  in  Sections  17,  19,  and  20 .... ;  Township 
No 14  S . .  . .  Range  No 69  W.  of  the  6th  P.  M and  desig- 
nated as  Survey  No 8000  A  and  B. . . .,  as  represented  in  the  fore- 
going field  notes,  which  accurately  show  the  boundaries  of  said  mining 
claim  as  distinctly  marked  by  monuments  on  the  ground,  and  described 
in  the  attached  copy  of  each  location  certificate,  which  was  received  by 
me  from  the  Surveyor-General  with  said  instructions,  and  that  all  the 
comers  of  said  survey  have  been  established  and  perpetuated  in  strict 
accordance  with  the  law.  otticial  regidations  and  instructions  thereunder; 
and  I  do  further  solemnly  swear  that  the  foregoing  are  the  true  and 
original  field  notes  of  saicl  survey  and  my  report  therein,  and  that  the 
labor  expended  and  improvements  made  upon  said  mining  claim  by 
claimants  or. .  .  .their. .  . .  grantors  are  as  therein  fully  stated,  and  that 
the  character,  extent,  location,  and  itemized  value  thereof  are  specified 
therein  with  particularity  and  full  detail,  and  that  no  portion  of  said 
labor  or  improvements  so  credited  to  this  claim  has  been  included  in  the 
estimate  of  expenditures  upon  any  other  claim. 

A.  L.  Ha\^ley , 

United  States  Deputy  Mineral  Surveyor. 

Subscribed  and  sworn  to  by  the  said. .  .  .A.  L.  Hawley. .  . .,  United 
States  deputy  mineral  surveyor,  before  me ....  a  Justice  of  the  Peace  in 
and  for  El  Paso  County,  Colorado . .  . . ,  this ....  20th ....  day  of ... .  Feb- 
ruary. .  .  .^ 1893. 

Geo.  K.  Kimball , 

Justice  of  the  Peace. 

LOCATION  CERTIFICATE— PLACER  CLAIM 

Know  all  men  by  these  presents.  That  I,  T.  E.  Jenkins,  the 
undersigned  citizen  of  the  United  States,  resident  of  the  County  of 
Arapahoe  and  State  of  Colorado,  having  complied  with  the  provisions  of 
Chapter  6,  Title  XXXII,  of  the  Revised  Statutes  of  the  United  States, 
and  with  local  customs,  laws,  and  regulations,  claim  by  right  of  discovery 
and  location,  as  a  placer  claim,  the  following-described  premises,  situate, 
lying  and  being  in  Pike's  Peak  mining  district.  County  of  El  Paso,  and 
State  of  Colorado,  to  wit: 

The  SE.  1  of  the  SW.  },  and  the  S.  J  of  the  SW.  i  of  the  SW.  J  of 
Sec.  17,  T.  14  S.,  R.  69  W.  of  the  6th  P.  M.  To  be  known  as  the  Cumro 
Placer. 

Located  May  ist,  1892. 

Date  of  certificate,  June  4th,  1893. 

T.  E.  Jenkins. 
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LOCATION  CERTIFICATE— LODE  CLAIM 


ss.: 


State  of  Colorado,      1 
County  of. .  El  Paso . . ,  / 

Know  all  men  by  these  presents,  That. .  .  .0.  F.  Shattuck 

the  undersigned,  has  this. .  .  .4th. .  .  .day  of . .  .  .May. .  . .,  1892,  located 
and  claimed,  and  by  these  presents  does  locate  and  claim,  by  right  of  dis- 
covery and  location,  in  compliance  with  the  mining  acts  of  Congress, 
approved  May  10,  1872,  and  all  subsequent  acts,  and  with  local  customs, 
laws,  and  regulations,  ....  1500. .  .  .linear  feet  and  horizontal  measure- 
ment on  the. .  .  .Poorman. .  .  .lode,  vein,  led^e,  or  deposit  along  the  vein 
thereof,  with  all  its  dips,  angles,  and  variations,  as  allowed  by  law, 
together  with ....  1 50 ... .  feet  on  the . .  .  .westerly ....  side  and  ....150  feet 
on  the ....  easterly ....  side  of  the  middle  of  said  vein  at  the  surface,  so 
far  as  can  be  determined  from  present  developments;  and  all  veins,  lodes, 
ledges,  or  deposits  and  surface  ground  within  the  lines  of  said  claim, 

. .  .  .620. .  .  .feet  running  N.  48°  46'  E from  centre  of  discovery. .  . . 

shaft. .  .  .and. . .  .880. .  .  .feet  running. .  .  .S.  17°  38'  W from  centre 

of  discovery. .  .  .shaft. .  .". ;  said  discovery. .  .  .shaft. .  .  .being  situate 
upon  said  lode,  vein,  ledge,  or  deposit,  and  within  the  lines  of  said  claim, 
in ... .  Pike's  Peak ....  Mining  District,  County  of . .  . .  El  Paso ....  and 
State  of  Colorado,  described  by  metes  and  bounds  as  follows,  to  wit: 

Beginning  at  Comer  No.  i,.  . .  .Whence  Cor.  to  Sees.  17,  18,  19,  and 
20,  T.  14,  S.,  R.  69  W.  bears  S.  27°  28'  E.  393.26  ft.,  thence  N.  17°  38'  E. 
831.34  ft.  to  Cor.  No.  2,  thence  N.  48°  46'  E.  661.7  ft.  to  Cor.  No,  3,  thence 
S.  41**  14'  E.  300  ft.  to  Cor.  No.  4,  thence  S.  48"*  46'  W.  578  ft.  to  Cor. 
No.  5,  thence  S.  17®  38'  W.  929.04  ft.  to  Cor.  No.  6,  thence  N.  41°  14'  W. 
350.48  ft.  to  Cor.  No.  I,  the  place  of  beginning 


Said  lode  was  discovered  on  the  lath  .  .  .  . 
day  of . . .  .April. ....  a.d.  1892. 

Attest: 

Date  of  location May  4th, a.d. 

189a. 

Date  of  certificate June  ist . .  .  .a.d. 

1893. 


O.  P.  Shattuck 


SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 


AMENDED  LOCATION  CERTIFICATE— LAW  OF  1889 

State  op  Colorado,    \      . 
County  of..El  Paso . . ,  /     " 

Know  all  men  by  these  presents.  That  ....A.  L.  Hawley  and 
E.  E.  Ames . .  . . ,  the  undersigned,  have  this ....  4th  day  of ... .  May . .  . . , 
1888,  amended,  located,  and  claimed,  and  by  these  presents  do  amend, 
locate,  afid  claim,  by  right  of  discovery  and  amended  location,  in  com- 
pliance with  the  mining  acts  of  Congress,  approved  May  10,  1872,  and  all 
subsequent  acts,  and  with  section  2409  of  the  general  laws,  of  Colorado, 
and  with  local  customs,  laws,  and  regxilations. ...  1500. ..  .linear  feet 
and  horizontal  measurement,  on  the ....  Hawley ....  lode,  vein,  ledge,  or 
deposit,  along  the  vein  thereof,  with  all  its  dips,  angles,  and  variations, 
as  allowed  by  iaw,  together  with. .  . .  150  feet  on  each  side  of  the  middle 
of  said  vein  at  the  surface,  so  far  as  can  be  determined  from  present 
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developments,  and  all  veins,  lodes,  ledges,  or  deposits  and  surface  ground 
within  the  lines  of  said  claim ....  800  feet  running ....  easterly ....  from 
centre  of  discovery. .  .  .point  in  tunnel. .  . .,  and. .  .  .700  feet  running 
....  westerly ....  frbm  centre  of  discovery ....  point . .  . . ,  said  discovery 
. .  .  .point. .  .  .being  situate  upon  said  hode,  vein,  ledge,  or  deposit,  and 
within  the  lines  of  said  claim  m . .  . .  Pike's  Peak  Mining  District,  County 
of . .  . .  El  Paso . .  . . ,  and  State  of  Colo^ado^  described  by  jnetes  and  bounds 
as  follows,  to  wit: 

Beginning  at  Comer  No.  i . .  . .  whence  Cor.  to  Sees.  17,  18,  19,  and 
20,  T.  15  S.,  R.  69  W.  bears  S.  18°  4'  E.  606.1  ft.,  thence  N.  3°  48'  E.  300 
ft.  to  Cor.  No.  2,  thence  N.  87°  E.  1500  ft.  to  Cor.  No.  3,  thence  S.  3°  48' 
W.  300  ft.  to  Cor.  No.  4,  thence   S.  87°  W.  1500  ft.  to  Cor.  No.  i,  the  place 

of  beginning This  being  the  same  lode  originally  located  on- the. .  , . 

17th . .  .  .day  of . .  .  .September. .  . .,  1886,  and  recorded  on  the. .  . .  12th 
....  day  of ... .  December . .  . . ,  1 886,  in  Book ....  4 .... ,  Page . .  . .  48 . .  . . , 
in  the  office  of  the  Recorder  of . .  .  .El  Paso. .  .  .County.  This  further 
and  amended  certificate  of  location  is  made  without  waiver  of  any  previ- 
ously acquired  rights,  but  for  the  purpose  of  correcting  any  errors  in  the 
original  location,  description,  or  record 


Said  lode  was  discovered  the. . . .  i ath  .  .  . . 

day  of . . .  .Sept a.d,  1886. 

Attest : 

Date  of  amended  location ....  May  4th. . . . 

,  A.D.    I  OOo. 

Date  of  amended  certificate July  14th 

A.D.  j888. 


«      •      •      B      • 


.  .A.  L.  Hawlby 
£.  E.  Ames  . 


SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 


LOCATION  CERTIFICATE— LODE   CLAIM 


State  of  Colorado,    1  ^^  . 
County  of.  .El  Paso . . ,  / 

Know  all  men  by  these  presents,  That. . .  .Grant  Safely. .  . .,  the 
undersigned,  has  this ....  4th ....  day  of . .  .  .June . .  . . ,  1892,  located  and 
claimed  and  by  these  presents  does  locate  and  claim,  by  right  of  dis- 
covery and  location,  in  compliance  with  the  mining  acts  of  Congress, 
approved  May  10,  1872,  and  all  subsequent  acts,  and  with  local  customs, 
laws,  and  regulations,  ....1500  linear  feet  and  horizontal  measure- 
ments on  the ....  i^tna ....  lode,  vein,  ledge,  or  deposit,  along  the  vein 
thereof,  with  all  its  dips,  angles,  and  variations,  as  allowed  by  law,  to- 
gether with  ....150....  feet  on  the ....  southwesterly ....  side,  and  ....150 
. .  .  .feet  on  the. .  .  .northeasterly. .  .  .side  of  the  middle  of  said  vein  at 
the  surface,  so  far  as  can  be  determined  from  present  developments;  and 
all  veins,  ledges,  lodes,  or  deposits  and  surface  ground  within  the  lines  of 
said  claim. . . .  75  . .  .  .feet  running . .  . . N.  40°  W from  centre  of  dis- 
covery ....  cut . .  . . :  and  1425  .. .  .feet  running  S.  40°  E  . .  .  .from  the  centre 
of  discovery.  .  .  .cut;  said  discovery. .  .  .cut.  .  .  .being  situate  upon  said 
lode,  vein,  ledge,  or  deposit,  and  within  the  lines  of  said  claim  in ...  . 
Pike*s  Peak. .  .  .Mining  District,  County  of .  .  .  .El  Paso. .  . .,  and  State 
of  Colorado,  described  by  metes  and  bounds  as  follows,  to  wit: 

Beginning  at  Corner  No.  i . .  .  .whence  S.W.  Cor.  Sec.  17,  T.  15  S.  R. 
69  W.  bears  S.  38°  a'  E.  1465  ft.,  thence  S.  40°  1500  ft.  to  Cor.  No.  2, 
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thence  N.  50**  E.  300  ft.  to  Cor.  No.  3,  thence  N.  40°  W.  1500  ft.  to  Cor. 
No.  4,  thence  S.  50°  W.  300  ft.  to  Cor.  No.   i,  the  place  of  beginning 


Said  lode  was  discovered  on  the. . .  ist  .  .  . 

day  of . . .  .May. ....  a.d.  1892. 

Attest : 

Date  of  location June  4th a.d. 

I  Spa. 
Date  of  certificate. . . .  July  6th ,  a.d. 

1893. 


.Grant  Safbly 


SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 


ADDITIONAL  AND  AMENDED  LOCATION  CERTIFICATE 

Law  of  1889 
State  op  Colorado,     \ 
County  of. .  El  Paso . . ,  /  •^^•• 

Know  all  men  by  these  preslwts,  That. .  .  .John  H.  Routt. .  . .,  the 
undersigned,  has  this ....  4th ....  day .  .  . .  of . .  . .  May . .  . . ,  1 89 1 ,  amended, 
located,  and  claimed,  and  by  these  presents  does  amend,  locate,  and 
claim,  by  right  of  the  original  discovery  and  this  additional  and  amended 
location  certificate,  in  compliance  with  the  mining  acts  of  Congress,  ap- 
proved May  10,  1872,  and  all  subsequent  acts,  and  with  section  2409  of 
the  General  Statutes  of  Colorado,  and  with  local  customs,  laws,  and 
regtdations  ....  1500. .  .  .linear  feet  and  horizontal  measurement  on  the 
....  Podimk  . . .  .lode,  vein,  ledge,  or  deposit,  along  the  vein  thereof, 
with  all  its  dips,  angles,  and  variations,  as  allowed  by  law,  together  with 
....  150 ..  .  .feet  on  each  side  of  the  middle  of  said  vein  at  the  surface, 
so  far  as  can  be  determined  from  present  developments,  and  all  veins, 
lodes,  ledges,  or  deposits  and  surface  ground  within  the  lines  of  said  claim 

....  140 . . .  .feet  nmning . .  . . N.  41°  14'  W from  centre  of  discovery 

...  .cut. ..  .and. ...  1360. ..  .feet    nmning....  S.    41**     14'    E from 

centre  of  discovery ....  cut . .  . . ,  said  discovery ....  cut ....  being  situate 
upon  said  lode,  vein,  ledge,  or  deposit,  and  within  the  lines  of  said  claim 
in ... .  Pike's  Peak ....  Mining  District.  County  of . .  . .  El  Paso . .  . . , 
and  State  of  Colorado,  described  by  metes  and  bounds  as  follows,  to  wit: 

Beginning  at  Cor.  No.  i . .  .  .whence  the  S.W.  Cor.  Sec.  17,  T.  15  S., 
R.  69  W.  bears  S.  38°  2'  W.  1465  ft.,  thence  S.  41°  14'  E.  1500  ft.  to  Cor. 
No.  2,  thence  S.  48°  46'  W.  100  ft.  to  Cor.  No.  3,  thence  N.  41®  14'  W. 
I  JOG  ft.  to  Cor.  No.  4,  thence  N.  48*^  46'  E.  300  ft.  to  Cor.  No.  i,  the  place 

of  beginning This  being  the  same  lode  originally  located 

on  the. .  .  .6th. .  .  .day  of . .  .  .April. .  . .,  1888,  and  recorded  on  the. .  . . 
14th ....  day  of  ....  Jvme . .  . . ,  1 888,  in  Book ....  3  .... ,  Page ....  48 .... , 
in  the  office  of  the  Recorder  of ....  El  Paso ....  County.  This  further 
additional  and  amended  certificate  of  location  is  made  without  waiver  of 
any  previously  acquired  rights,  but  for  the  purpose  of  correcting  any  errors 
in  the  original  location,  description,  or  record,  and  of  taking  in  and  acquir- 
ing all  forfeited  or  abandoned  overlapping  gp-ound,  and  of  taking  in  any 
part  of  any  overlapping  claim  which  has  been  abandoned,  and  of  securing 
all  the  benefits  of  said  section  2409  of  the  General  Statutes  of  Colorado. 


Said  lode  was  discovered  the. . . .  ist 

day  of.  . .  .April.  ....  a.d.  1888. 

Attest: 

Date  of  additional  and  amended  certificate 

June  14th ,  1891. 


John  H.  Routt 


SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL. 
SEAL.] 
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LOCATION  CERTIFICATE  OF  MILL  SITE 

To  all  whom  these  presents  may  concern: 

Know  ve,  That  I,  A.  E.  Lowe,  of  the  County  of  Arapahoe,  and  State 
of  Colorado,  do  hereby  declare  and  publish  as  a  legal  notice  to  all  the 
world,  that  I  have  a  valid  right  to  the  occupation,  possession,  and  enjoy- 
ment of  all  and  singular  that  tract  or  parcel  of  land,  not  exceeding  five 
acres,  situate,  lying  and  being  in  the  County  of  El  Paso,  and  State  of 
Colorado,  bounded  and  described  as  follows : 


POORMAN  MILL  SITE 

Beginning  at  Cor.  No.  i,  whence  the  N.E.  Cor.  Sec.  19,  T.  14  S.,  R. 
69  W.  bears  N.  46°  48'  E.  3416.9  ft.,  thence  S.  Sq*'  50  W.  921.2  ft.  to  Cor. 
No.  2.  thence  N.  37*^  00'  E.  467.66  ft.  to  Cor.  No.  3,  thence  S.  64°  00'  E. 
700  ft.  to  Cor.  No.  I,  the  place  of  beginning. 


Containing  4  acres,  more  or  less. 


Variation  14°  45'  E. 

Together  with  all  and  singular  the  hereditaments  and  appurtenances 
thereto  belonging  or  in  any  wise  appertaining. 

Witness  my  hand  and  seal  this  5th  day  of  December,  A.D.  1891. 

[sKAL.]  A.  E.  Lowe. 

* 

(4 — 694.) 
SURVEY  NO.  HOIK)  A 


TITLE    PAGE    TO    REPORT    I'NDER    CIRCITLAR    **  N        OF    SEPT.    23,     1882 


REPORT 


Under  General  Land  Office  Circular  "N"  of  September  23,  1882,  upon 
the  Placer  Mining  Claim  known  as  the.  .  .  .Cumro  placer. .  .  .,  claimed 
by ....  T.  E.  Jenkins  et  al ,  situate  in ...  .  Pike's  Peak ....  Mining  Dis- 
trict .....  El  Paso ....  County . .  . . ,  Colorado . .  .  . ;  embracing ....  3  2.07 
acres,  and  forming  a  portion  of  the  S.  half  of  the  S.W.  quarter. .  .  .in  Sec. 
....17....,  Town ....  14  S Range ....  69  W.  of  the  6th  P.  M 

Examination  made ....  February  1 5th  .  .  . . ,  1893. 

By  A.  L.  Hawley , 

l\  S,  Deputy  Mineral  Sun^cyor, 
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SURVEY  NO.  8000  A 


CUMRO    PLACER. 


The  soil  embraced  in  this  claim  consists  of  decomposed 
mineral-bearing  granite  on  the  mountain  slopes,  and  auriferous 
sand  and  gravel  along  the  creek  bottom,  all  covered  with  a 
thin  layer  of  loam  and  alluvium  supporting  a  scant  growth  of 
grass  and  sage  brush,  with  scattering  pine,  spruce,  cedar,  and 
Cottonwood  timber. 

The  only  stream  passing  through  this  claim  is  Cumro  creek, 
4  ft.  wide  and  about  2  ft.  deep,  which  crosses  the  extreme 
southeast  comer. 

A  log  cabin,  the  west  comer  of  which  bears  from  Cor.  No. 
13  S.  40°  E.  120  ft.  12X16  ft.,  course  of  long  sides  N.  44°  E. 

The  surface  and  xmdergrotmd  workings  on  this  claim  con- 
sists of: 

A  ttmnel,  the  mouth  of  which  bears  from  Cor.  No.  7  N.  67° 
48'  E.  582  ft.,  5  X6  ft.,  running  N.  10**  44'  W.  515  ft.  to  breast. 

A  shaft,  wmch  bears  from  Cor.  No.  20  S.  48°  30'  W.  305  ft., 
3 Xs  ft.,  12  ft.  deep  in  earth  and  rock. 

Placer  workings,  the  centre  of  the  northeasterly  end  of 
which  bears  from  Cor.  No.  15  N.  46°  W.  285  ft.,  averaging  40 
ft.  wide  and  8  ft.  deep,  and  extending  S.  62®  W.  120  ft.  along 
the  bed  of  Cvmaro  creek. 

The  nearest  post-office  to  the  claim  is  Jamestown,  a  mining 
camp  of  about  joo  population,  located  on  Brush  creek,  about 
2  miles  south  01  the  claim.  The  nearest  railroad  station  is 
Tie  Siding,  a  spur  and  flag  station  on  the  Denver,  Apex  and 
Western  R.  R.,  at  the  confluence  of  Cumro  and  Plum  creeks, 
about  6  miles  southwesterly  from  the  claim. 

Other  than  the  system  of  lode  deposits  adjoining  and  form- 
ing a  part  of  this  claim,  there  are  none  nearer  than  Carbonate, 
situate  about  4  miles  to  the  northeast. 

This  claim  is  peculiarly  adapted  for  placer-mining  purposes, 
inasmuch  as  the  contour  of  the  surface  and  the  character  and 
nature  of  the  soil  are  such  that  it  can  be  most  advantageously 
and  cheaply  worked  by  hydraulic  gaints  and  the  tailings  he 
rapidly  and  easily  disposed  of.  Cumro  creek  carries  about 
50  cu.  ft.  of  water  per  second  during  the  dry  season,  being  an 
abundance  of  water  for  working  the  claim.  As  yet  no  water 
has  been  taken  upon  the  claim  for  its  development,  except  in 
washing  the  placer  workings  hereinbefore  described;  but,  by 
a  survey,  it  has  been  fotind  that  by  a  ditch  not  over  one  mile 
in  length  water  can  be  taken  from  Cumro  creek  onto  the 
highest  portions  of  the  claim ;  it  being  the  express  intention 
of  the  claimants  to  work  the  claim  in  this  manner. 

The  works  and  expenditures  made  by  the  claimants  for  the 
development  of  the  claim  consist  of  the  placer  workings  de- 
scribed under  paragraph  c  of  this  report. 

There  are  no  mines,  salt  licks,  salt  springs,  or  mill  sites 
upon  this  claim. 
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(4—695.) 
OATH  OF  UNITED  STATES  DEPUTY  MINERAL  SURVEYOR 


UNDER    GENERAL    LAND    OFFICE    CIRCULAR    *' N  "    OF    SEPT.    23,   1882 


I, ...  .A.  L.  Hawley. . . .,  U.  S.  deputy  mineral  surveyor,  do  solemnly 
swear  that  in  pursuance  of  an  order  received  from  the  U.  S.  Surveyor- 
General  for. . . .  Colorado. . . .,  dated. . .  .February  6th. . . .,  1893,  ^  have 
made,  under  the  provisions  of  General  Land  Office  Circular  **N",  ap- 
proved September  23,  1882,  a  personal  and  thorough  examination,  upon 

the  premises,  of  the  placer  claim  mining  of T.  E.  Jenkins  ei  al. . . ., 

known  as  the  ....  Cumro  placer . . . . ,  situate  in ... .  Pike's  Peak ....  Mining 
District,  ....  El  Paso. . .  .Coimty, . . .  .Colorado. . . .,  embracing. . .  .32.07 
acres  and  forming  a  portion  of  the  S.  4  of  the  S.W.  \  of  Sec.  17....,  in 

Township  No.  14  S . . . .,  Ran^e  No 69  W.  of  the  6th  P.  M ,  and 

that  my  report  of  such  examination,  hereto  attached,  is  specific  and  in 
detail,  and  is  a  full  and  true  statement  of  the  facts  upon  all  the  points 
specified  in  said  circtdar. 

A.  L.  Hawley , 

U,  S.  Deputy  Mineral  Surveyor, 

Subscribed  and  sworn  to  by  the  said. .  .  .A.  L.  Hawley. . . .,  U.  S. 
deputy  mineral  surveyor,  before  me,  ....  a  notary  public  in  and  for  El 
Paso  County,  Colorado . . . . ,  this ....  20th  ....  day  of  ... .  February,  1893 . 

Notary  Public 

My  commission  expires  December  20,  1893. 


(4 — 696.) 

CORROBORATIVE  AFFIDAVIT  UNDER  GENERAL  LAND 
OFFICE  CIRCULAR  "N"  OF  SEPT.  23,  1882 

State  of  Colorado,      1       , 
County  of  .  .El  Paso . . ,  /     '* 

....  W.  H.  Wilson ....  and ....  J.  P.  Thompson . . . . ,  being  first  duly 
sworn,  severally  depose  and  say  that  he  is  personally  and  well  acquainted 
with  the  placer  mining  claim  of . .  .  .T.  E.  Jenkins  et  al. .  . .,  known  as 
the. . .  .Cumro  placer. .  . .,  situate  in. . .  .Pike's  Peak. . .  .Mining  District 
. . . .,  El  Paso. .  .  .County,  Colorado. . . .,  embracing. . . .  32.07  acres  and 
forming  a  portion  of  the  S.  J  of  the  S.W.  J  of  Sec.  17,  ...  .in  Town- 
ship No 14  S Range  No 69  W.  of  the  6th  P.  M ;    and 

also  with  the  character  of  all  the  land  included  in  sail  claim,  and  has 
been  so  acquainted  for. ...  10  and  12 . .  .  .years  last  past;  that  his  knowl- 
edge of  said  claim  and  land  is  derfved  from ....  prospecting  the  ground 
and  working  the  claim . .  . . ,  and  is  such  as  to  enable  him  to  testify  under- 
standingly  with  regard  thereto;  that  he  has  carefully  read  the  foregoing 
report  of . . .  .A.  L.  Hawley. . .  .U.  S.  deputy  mineral  siirveyor,  and  that 
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to  his  own  personal  knowledge  said  report  is  in  all  respects  true  and 
accurate. 

W.  H.  Wilson 

J.  P.  Thompson 

Subscribed  and  sworn  to  by  the  above-named  persons  this ....  20th .... 

day  of February. .  . .,  1893. 

[seal.]  B.  F.  Clark , 

Notary  Public 

My  commission  expires  December  20,  1893. 

(4—687.) 

SURVEYOR-GENERAL'S  CERTIFICATE  OF  APPROVAL  OF 
FIELD  NOTES  AND  SURVEY  OF  MINING  CLAIM 


Department  of  the  Interior, 

Office  of  U.  S.  Surveyor-General, 


18—. 


I,  U.  S.  Surveyor-General  for ,  do  hereby  certify  that  the  fore- 
going and  hereto  attached  field  notes  and  return  of  the  survey  of  the 

mining  claim  of ,  known  as  the ,  situate  in 

mining  district, County, ,  in  Section ,  Township  No. 

,  Range  No. ,  designated  as  Survey  No. ,  executed  by 

,  U.  S.  deputy  mineral  surveyor,  .    18 ,   under  my 

instructions  dated ,  18 ,  have  been  critically  examined  and  the 

necessary  corrections  and  explanations  made,  and  the  said  field  notes 
and  return,  and  the  survey  they  describe,  are  hereby  approved.  A  true 
copy  of  the  copy  of  the  location  certificate  filed  oy  the  applicant  for 
survey  is  included  in  the  field  notes. 


U.  5.  Surveyor-General 
For 


(4—688.) 

UNITED  STATES  SURVEYOR-GENERAL'S  FINAL  CERTIFI- 
CATE ON  FIELD  NOTES 

Department  of  the  Interior, 

Office  of  U.  S.  Surveyor-General, 


18—. 


I,  U.  S.  Surveyor-General  for ,  do  hereby  certify  that  the  fore- 
going transcript  of  the  field  notes,  return,  and  approval  of  the  survey  of 

the  mining  claim  of ,  known  as  the ,  situate  in mining 

district. Coimty, ,  in  Section ,  Township  No. , 

Range  No. ,  and  designated  as  Survey  No. ,  has  been  cor- 
rectly copied  from  the  originals  on  file  in  this  office;  that  said  field  notes 
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furnish  such  an  accurate  description  of  said  mining  claim  as  will,  if  in- 
corporated into  a  patent;  serve  fully  to  identify  the  premises,  and  that 
such  reference  is  made  therein  to  natural  objects  or  permanent  monu- 
ments as  will  perpetuate  and  fix  the  locus  thereof. 

And  1  further  certify  that  five  hundred  dollars*  worth  of  labor  has  been 
expended  in  improvements  made  upon  said  mining  claim  by  claimant 

or  grantors,  and  that  said  improvements  consist  of ,  and 

that  'no  portion  of  said  labor  or  improvements  has  been  included  in  the 
estimate  of  expenditures  upon  any  other  claim. 

I  further  certify  that  the  plat  hereof,  filed  in  the  U.  S.  Land  Office 
at  ,  is  correct  and  in  conformity  with  the  foregoing  field  notes. 

U.  S.  Surveyor-(7cneral , 
For ^ 


APPENDIX   A 

CIRCULAR  TO  APPLICANTS 

To  Applicants  for  Mineral  Survey  Orders: 

You  will  observe  the  following  requirements  in  the  conduct  of  your 
business  with  the  Surveyor-General's  Oflice,  the  same  being  based  upon 
the  United  States  mining  laws  and  circular  and  special  instructions  from 
the  Commissioner  of  the  General  Land  Office : 

1.  All  applications  for  survey  orders,  descriptive  reports  on  placer 
claims,  or  certificates  of  five  hundred  dollars*  expenditure,  should  be 
addressed  to  the  Surveyor-General  *  and  be  signed  by  the  claimants, 
their  agent  or  attorney. 

2.  Each  application  should  contain: 

(a)  The  name  of  the  claimant  in  full,  and  as  it  is  desired  to  appear  in 
the  application  for  patent. 

(6)  The  name  of  each  location  embraced  in  the  claim. 

(c)  The  name  of  the  land  and  mining  districts  in  which  the  claim  is 
located. 

(d)  The  name  of  the  United  States  deputy  mineral  surveyor  to  whom 
it  is  desired  the  order  shall  be  issued. 

(For  form  of  application  see  page  751). 

3.  You  are  required  to  file  with  each  application  for  survey  order,  a 
copy  of  the  record  of  location  of  the  claim,  properly  certified  by  the 
recorder  of  the  county  or  mining  district  where  the  claim  is  situate. 

4.  The  deputy  mineral  survevor  is  retjuired  to  survey  the  claim  in 
strict  conformity  with  or  within  tne  lines  of  the  location  upon  which  the 
order  of  survey  is  based.  You  are,  therefore,  advised  before  filing  your 
application  to  see  that  your  location  has  been  made  in  compliance  with 
the  law  and  regulations,  and  that  it  properly  describes  the  claim  for  which 
the  patent  is  sought. 

1  See  page  781  for  list  of  offices  of  U.  S.  Surveyors-General. 
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The  act  of  Congress  of  May  lo,  1872,  expressly  provides  that  "the 
location  must  be  distinctly  marked  on  the  groimd,  so  that  its  boundaries 
can  be  readily  traced,"  and  *'  that  all  records  of  mining  claims  hereafter 
made  shall  contain  the  name  or  names  of.  the  locators,  the  date  of  loca- 
tion, and  such  a  description  of  the  claim  or  claims,  located  by  reference 
to  some  natural  object  or  permanent  monument,  as  will  identify  the 
claim." 

*  *  These  provisions  of  the  law  must  be  strictly  complied  with  in*  each 
case  to  entitle  a  claimant  to  a  survey  and  patent,  ana  therefore  should 
a  claimant  under  a  location  made  subseqtient  to  the  passage  of  the  mining 
act  of  May  10,  1872,  who  has  not  complied  with  said  reauirements  in 
regard  to  marking  the  location  upon  the  ground,  and  recording  the  same 
apply  for  a  survey,  you  will  decline  to  make  it." 

"The  only  relief  for  a  party  under  such  circumstances,  will  be  to  make 
a  new  location  in  conformity  to  law  and  regulations,  as  no  case  will  be 
approved  by  this  office,  unless  these  and  all  other  provisions  of  law  are 
substantially  complied  with."  (See  General  Land  Oftice  circular  dated 
Nov.  20,  1873.) 

5.  Par.  99,  General  Land  Office  circular,  of  Dec.  10,  1891,  edition  Dec. 
1,  1894,  relating  to  the  expense  of  office  work  connected  with  the  survey 
of  mineral  claims,  reads  as  follows: 

*•  With  regard  to  the  platting  of  the  claim  and  other  office  work  in  the 
Surveyor-General's  office,  that  oflicer  will  make  an  estimate  of  the  cost 
thereof,  which  amount  the  claimant  will  deposit  with  any  assistant  United 
States  treasurer,  or  designated  depository,  in  favor  of  the  United  States 
treasurer,  to  be  passed  to  the  credit  of  the  fund  created  by  'individual 
depositors  for  surveys  of  the  public  lands,'  and  file  with  the  Surveyor- 
General  duplicate  certificates  of  such  deposits  in  the  usual  manner." 

6.  The  various  Surveyors-General  have  adopted  schedules  of  rates  for 
office  work,  and  an  estimate,  of  the  cost  in  any  particular  case  may  be 
had  upon  application. 

Should  an  applicant  deem  an  estimate  excessive,  he  will  be  allowed 
the  right  of  appeal  to  the  General  Land  OHice  in  the  usual  manner. 

In  transmitting  such  an  appeal  the  Surveyor-General  should  transmit 
therewith  a  full  report. 

7.  Should  the  office  work  in  any  case  amount  to  more  than  the  esti- 
mate, or  if  an  amended  order  is  issued,  an  additional  deposit  will  be 
refjuired. 

8.  In  districts  where  there  are  no  United  States  depositories,  you 
should  deposit  with  the  nearest  assistant  United  States  treasurer,  or 
depository,  and  in  all  cases  immediately  forward  the  original  certificate 
to  the  Secretary  of  the  Treasury  and  the  duplicate  to  the  Surveyor- 
General's  office,  retaining  the  triplicate  for  your  own  use  and  security. 
Under  no  circumstances  will  the  deposit  be  made  by  the  Surveyor- 
General.     (See  paragraph  5.  preceding.) 

9.  An  application  for  an  amended  survey  order  must  be  accompanied 
with  a  statement  setting  forth  fully  the  reasons  for  the  proposed  amend- 
ment and  all  the  material  facts  in  the  matter. 

10.  If,  after  having  obtained  a  survey  order,  you  should  abandon  your 
purpose  of  having  a  survey  made,  you  can  apply  the  deposit,  less  the 
amount  estimated  for  office  expenses  already  incurred,  on  a  new  survey 
if  one  is  desired. 
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11.  Upon  discovery  of  any  error  or  defect  in  a  order  you  are  re- 
quested to  return  it  to  the  Surveyor-General's  Office  for  correction 
or  amendment. 

12.  If,  after  having  obtained  an  order  for  survey,  you  shotdd  find  that 
the  record  of  location  does  not  practically  describe  the  location  as  staked 
upon  the  ground,  you  should  file  a  certified  copy  of  an  amended  location 
certificate,  correctly  describing  the  claim,  ana  obtain  an  amended  order 
for  survey.  If  a  relocation  of  the  claim  is  made  embracing  eroimd  not 
included  in  the  original  order,  or  other  material  change  is  made,  you  will 
abandon  the  original  number  of  the  order  for  survey,  and  a  new  order 
will  be  issued  in  which  a  number  in  the  current  series  will  be  substituted. 

13.  The  order  of  approval  of  surveys  of  mineral  claims  is  prescribed 
by  General  Land  Office  circular  dated  March  3,  1881,  as  follows: 

**  The  mining  survey  first  applied  for  shall  have  the  priority  of  action 
in  all  its  stages  in  the  office  of  the  Surveyor-General,  including  the 
delivery  thereof,  over  any  other  survey  of  the  same  ground  or  any  portion 
thereof. 

"The  Surveyor-General  should  not  order  or  authorize  a  survey  of  a 
claim  which  conflicts  with  one  previously  applied  for  until  the  survey  first 
applied  for  has  been  completed,  examined,  approved,  and  platted,  and 
the  plats  delivered. 

"When  the  conflict  does  not  appear  until  the  field  notes  of  the  re- 
spective surveys  are  returned,  then  the  survey  first  applied  for  should 
be  first  examined,  approved,  and  platted,  and  the  plats  delivered  before 
the  field  notes  of  the  survey  last  applied  for  are  taken  up  for  examination 
or  plats  constructed. 

**  When  the  survey  first  authorized  is  not  returned  within  a  reasonable 
period,  and  the  applicant  for  a  conflicting  survey  makes  affidavit  that  he 
believes  (stating  the  reasons  for  his  belief)  that  such  first  applicant  has 
abandoned  his  purpose  of  having  a  survey  made,  or  is  deferring  it  for 
vexatious  purposes,  to  wit,  to  postpone  the  subsequent  applicant,  the 
Surveyor-General  shall  give  notice  of  such  charges  to  such  first  applicant, 
and  call  upon  him  for  an  explanation  under  oath  of  the  delay.  He  shall 
also  require  the  deputy  mineral  surveyor  to  make  a  full  statement  in 
writing,  explanatory  of  the  delay;  and  if  the  Surveyor-General  shall  con- 
clude that  good  and  sufficient  reasons  for  such  delay  do  not  exist,  he  shall 
authorize  the  applicant  for  the  conflicting  survey  to  proceed  with  the 
same;  otherwise  the  order  of  proceedings  shall  not  be  changed. 

**  Whenever  an  applicant  for  a  survey  shall  have  reason  to  suppose  that 
a  conflicting  claimant  will  also  apply  for  a  survey  for  patent,  he  may 
give  a  notice  in  writing  to  the  Surveyor-General  particularly  describing 
such  conflicting  claim,  and  file  a  copy  of  the  notice  of  location  of  such 
conflicting  claim.  In  such  case  the  Surveyor-General  will  not  order  or 
authorize  any  survey  of  such  conflicting  claim  until  the  survey  first 
applied  for  has  been  examined,  complete,  approved,  and  platted,  and 
the  plats  delivered." 

14.  You  have  the  option  of  employing  any  United  States  deputy 
mineral  surveyor  in  the  district  to  execute  the  order  of  survey,  and  must 
make  satisfactory  arrangements  with  such  surveyor  for  the  payment  for 
his  services  and  those  of  his  assistants  in  making  the  survey,  as  the 
United  States  will  be  not  held  responsible  for  the  payment  of  the  same. 
The  duty  of  the  deputy  surveyor  in  any  particular  case  ceases  when  he 
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has  executed  the  survey  and  returned  the  same  to  this  office.  He  is  not 
allowed  to  prepare  fort  he  mining  claimant  the  papers  in  support  of  an 
application  for  patent,  being  precluded  from  acting  either  directly  or 
indirectly  as  attorney  in  mineral  claims.  (Sec.  2334,  United  States 
Revised  Statutes;   see  Appendix  B  hereof.) 

15.  You  are  advised  of  your  right  to  appeal  to  the  Commissioner  of 
the  General  Land  Office  from  the  approval  or  disapproval  of  the  survey  of 
your  claim.  The  appeal  must  be  in  writing  or  in  print,  should  set  forth 
in  brief  and  clear  terms  the  specific  points  of  exception  to  the  ruling 
appealed  from,  and  should  be  transmitted  through  the  Surveyor-General's 
Office. 
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Sections  op  the  U.  S.  Revised  Statutes  and  Paragraphs  of  the 
Mining  Circular  op  December  10,  1891,  Relative  to  Surveys  of 
Mining  Claims. 

Sec.  2325.  A  patent  for  any  land  claimed  and  located  for  valuable 
deposits  may  be  obtained  in  the  following  manner:  Any  person,  associa- 
tion, or  corporation  authorized  to  locate  a  claim  under  this  chapter, 
having  claimed  and  located  a  piece  of  land  for  such  purposes,  who  has, 
or  have,  complied  with  the  terms  of  this  chapter,  may  file  in  the  proper 
land-office  an  application  for  a  patent,  under  oath,  showing  such  com- 
pliance, together  with  a  plat  and  field  notes  of  the  claim  or  claims  in 
common,  made  by  or  under  the  direction  of  the  United  States  Surveyor- 
General,  showing  accurately  the  boundaries  of  the  claim  or  claims,  which 
shall  be  distinctly  marked  by  monuments  on  the  grotmd. 

Par.  28.  The  claimant  is  required  in  the  first  place  to  have  a  correct 
survey  of  his  claim  made  under  authority  of  the  Surveyor-General  of  the 
State  or  Territory  in  which  the  claim  lies;  such  survey  to  show  with 
accuracy  the  exterior  surface  boimdaries  of  the  claim,  which  boundaries 
are  required  to  be  distinctly  marked  by  monuments  on  the  ground.  Four 
plats  and  one  copy  of  the  original  field  notes,  in  each  case,  will  be  pre- 
pared by  the  Svu^eyor-General ;  one  plat  and  the  original  field  notes 
to  be  retained  in  the  office  of  the  Stirveyor-General,  one  copy  of  the  plat 
to  be  given  the  claimant  for  posting  upon  the  claim,  one  plat  and  a 
copy  of  the  field  notes  to  be  given  the  claimant  for  filing  with  the  proper 
register,  to  be  finally  transmitted  by  that  officer,  with  other  papers  in 
the  case,  to  this  office,  and  one  plat  to  be  sent  by  the  Surveyor-General 
to  the  register  of  the  proper  land  district  to  be  retained  on  his  files  for 
future  reference.  As  there  is  no  resident  Surveyor-General  for  the  State 
of  Arkansas,  applications  for  the  survey  of  mineral  claims  in  said  State 
should  be  made  to  the  Commissioner  of  this  ofiice,  who,  tmder  the  law, 
is  ex  officio  the  U.  S.  Surveyor-General. 

45.  The  Surveyors-General  should  designate  all  surveyed  mineral 
claims  by  a  progressive  series  of  numbers,  beginning  with  survey  No. 
37,  irrespective  as  to  whether  they  are  situated  on  surveyed  or  unsurveyed 
lands,  the  claim  to  be  so  designated  at  date  of  issuing  the  order  therefor, 
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in  addition  to  the  local  designation  of  the  claim ;  it  being  required  in  all 
cases  that  the  plat  and  field  notes  of  the  survey  of  a  claim  must,  in  addi- 
tion to  the  reference  to  permanent  objects  in  the  neighborhood,  describe 
the  locus  of  the  claim,  with  reference  to  the  lines  of  public  surveys,  by 
a  line  connecting  a  comer  of  the  claim  with  the  nearest  public  corner  of 
the  United  States  surveys,  unless  such  claim  be  on  unsurveyed  lands  at 
a  distance  of  more  than  two  miles  from  such  public  comer,  in  which 
latter  case  it  should  be  connected  with  a  United  States  mineral  monu- 
ment. Such  connecting  line  must  not  be  more  than  two  miles  in  length 
and  should  be  measured  on  the  ground  direct  between  the  points,  or 
calculated  from  actually  surveyed  traverse  lines  if  the  nature  of  the 
country  should  not  permit  direct  measurement.  If  a  regularly  estab- 
lished survey  comer  is  within  two  miles  of  a  claim  situated  on  unsurveyed 
lands,  the  connection  should  be  made  with  such  comer  in  preference  to  a 
connection  with  a  United  States  mineral  monument.  The  connecting 
line  must  be  surveyed  by  the  deputy  mineral  surveyor  at  the  time  of  his 
making  the  particular  survey,  and  be  made  a  part  thereof. 

46.  Upon  the  approval  of  the  survey  of  a  mining  claim  made  upon 
surveyed  lands,  the  Surveyor-General  will  prepare  and  transmit  to  the 
local  land  office  and  to  this  office  a  diagram  tracing  showing  the  p>ortions 
of  legal  40-acre  subdivisions  made  fractional  by  reason  of  the  mineral 
survey,  designating  each  of  such  portions  by  the  proper  lot  number, 
beginning  with  No.  i  in  each  section  and  giving  the  area  of  each  lot. 

47.  The  survey  and  plat  of  mineral  claims,  required  by  section  2325, 
Revised  Statutes  of  the  United  States,  to  be  filed  in  the  proper  land  office 
with  application  for  patent,  must  be  made  subsequent  to  the  recording  of 
the  location  of  the  mine;  and  when  the  original  location  is  made  by  sur- 
vey of  a  United  States  deputy  surveyor,  such  location  survey  cannot 
be  substituted  for  that  required  by  the  statute,  as  above  indicated. 

48.  The  Surveyor-General  should  derive  his  information  upon  which 
to  base  his  certificate  as  to  the  value  of  labor  expended  or  improvements 
made  from  his  deputy  who  makes  the  actual  survey  and  examination  upon 
the  premises,  and  such  deputy  should  specify  with  particularity  and  full 
detail  the  character  and  extent  of  such  improvements. 

49.  The  following  particulars  should  be  observed  in  the  survey  of 
every  mining  claim. 

(i)  The  exterior  boundaries  of  the  claim  should  be  represented  on 
the  plat  of  survey  and  in  the  field  notes. 

(2)  The  intersection  of  the  lines  of  the  survey  with  the  lines  of  con- 
flicting prior  surveys  should  be  noted  in  the  field  notes  and  represented 
upon  the  plat. 

(3)  Conflicts  with  unsurveyed  claims,  where  the  applicant  for  survey 
does  not  claim  the  area  in  conflict,  should  be  shown  by  actual  survey. 

(4)  The  total  area  of  the  claim  embraced  by  the  exterior  boimdaries 
should  be  stated,  and  also  the  area  in  conflict  with  each  intersecting 
survey,  substantially  as  follows: 

Acres. 

Total  area  of  claim 10.50 

Area  in  conflict  with  survey  No.  302 1 .  56 

Area  in  conflict  with  survey  No.  948 2.33 

Area  in  conflict  with  Mountain  Maid  lode  mining  claim,  unsurveyed . .      i .  48 

It  does  not  follow  that  because  mining  surveys  are  required  to  exhibit 
all  conflicts  with  prior  surveys  the  areas  of  conflict  are  to  be  excluded. 
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The  field  notes  and  plat  are  made  a  part  of  the  application  for  patent, 
and  care  should  be  taken  that  the  description  does  not  inadvertently 
exclude  portions  intended  to  be  retained.  It  is  better  that  the  applica- 
tion for  patent  should  state  the  portions  to  be  excluded  in  express  tenns. 
A  survey  executed  as  in  the  example  given  will  enable  the  applicant  for 
patent  to  exclude  such  conflicts  as  may  seem  desirable.  For  instance, 
the  conflict  with  survey  No.  302  and  with  the  Mountain  Maid  lode  claim 
might  be  excluded  and  that  with  survey  No.  948  included. 

(For  paragraphs  50  and  51,  see  page  749.) 

Sec.  2327.  The  description  of  vem  or  lode  claims,  upon  surveyed  lands, 
shall  designate  the  location  of  the  claim  with  reference  to  the  lines  of 
the  public  surveys,  but  need  not  conform  therewith ;  but  where  a  patent 
shall  be  issued  for  claims  upon  tmsurveyed  lands,  the  surveyor-general, 
in  extending  the  surveys,  shall  adjust  the  same  to  the  boimdaries  of  such 
patented  claim,  according  to  the  plat  or  description  thereof,  but  so  as  in 
no  case  to  interfere  with  or  change  the  location  of  any  such  patented 
claim.     (See  paragraph  46,  page  748.) 

Sec.  2331.  Where  placer  claims  are  upon  surveyed  lands,  and  conform 
to  legal  subdivisions,  no  further  survey  or  plat  shall  be  required,  and  all 
placer-mining  claims  located  after  the  tenth  day  of  May,  eighteen  hundred 
and  seventy-two,  shall  conform  as  near  as  practicable  with  the  United 
States  system  of  public-land  surveys,  and  the  rectangular  subdivisions 
of  such  surveys,  and  no  such  location  shall  include  more  than  twenty  acres 
for  each  individual  claimant;  but  where  placer  claims  cannot  be  con- 
formed to  legal  subdivisions,  survey  and  plat  shall  be  made  as  on 
unsurveyed  lands;  and  where  by  the  segregation  of  mineral  lands  in  any 
legal  sufcdivision  a  quantity  of  agricultural  land  less  than  forty  acres 
remains,  such  fractional  portion  of  agricultural  land  may  be  entered 
by  any  party  qualified  by  law,  for  homestead  or  pre-emption  purposes. 

Sec.  2334.  The  Surveyor-C^eneral  of  the  United  States  may  appoint 
in  each  land  district  containing  mineral  lands  as  many  competent  sur- 
veyors as  shall  apply  for  appointment  to  survey  mining  claims.  The 
expenses  of  the  survey  of  vein  or  lode  claims,  and  the  survey  and  sub- 
division of  placer  claims  into  smaller  quantities  than  one  himdred  and 
sixty  acres,  together  with  the  cost  of  publication  of  notices,  shall  be  paid 
by  the  applicants,  and  they  shall  be  at  liberty  to  obtain  the  same  at  the 
most  reasonable  rates,  ana  they  shall  also  be  at  liberty  to  employ  any 
United  States  deputy  surveyor  to  make  the  survey.  The  Commissioner 
of  the  General  Lana  Office  shall  also  have  power  to  establish  the  max- 
imum charges  for  surveys. 

98.  The  Surveyors-General  of  the  several  districts  will,  in  pur- 
suance of  said  law,  appoint  in  each  land  district  as  many  competent 
deputies  for  the  survey  of  mining  claims  as  may  seek  such  appoint- 
ment: it  being  distinctly  understood  that  all  expenses  of  these  notices 
and  surveys  are  to  be  borne  by  the  mining  claimants  and  not  by  the 
United  States;  the  system  of  making  deposits  for  mineral  surveys,  as 
required  by  previous  instructions,  being  hereby  revoked  as  regsivds  field 
work;  the  claimant  having  the  option  of  employing  any  deputy  surveyor 
within  such  district  to  do  his  work  in  the  field. 

99.  With  regard  to  the  platting  of  the  claim  and  other  office  work  in 
the  Surveyor-Generars  ORice,  that  officer  will  make  an  estimate  of 
the  cost  thereof,  which  amount  the  claimant  will  deposit  with  any 
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assistant  United  States  treasurer  or  designated  depository  in  favor  of  the 
United  States  Treasurer,  to  be  passed  to  the  credit  of  the  fund  created 
by  "  individual  depositors  for  surveys  of  the  public  lands,"  and  file  with 
the  Surveyor-General  duplicate  certificates  of  such  deposit  in  the  usual 
manner. 

I  GO.  The  Surveyors-General  will  endeavor  to  appoint  mineral  deputy 
surveyors,  so  that  one  or  more  may  be  located  in  each  mining  district  for 
the  greater  convenience  of  miners. 

loi.  The  usual  oaths  will  be  re<iuired  of  these  deputies  and  their 
assistants  as  to  the  correctness  of  each  survey  executed  by  them. 

The  duty  of  the  deputy  mineral  surveyor  ceases  wtien  he  has  executed 
the  survey  and  returned  the  field  notes  and  preliminary  plat  thereof  with 
his  report  to  the  Surveyor-General.  He  will  not  be  allowed  to  prepare 
for  the  mining  claimant  the  papers  in  support  of  an  application  for  patent, 
or  otherwise  perform  the  duties  of  an  attorney  before  the  land  office  in 
connection  with  a  mining  claim. 

The  Surveyors-General  and  local  land  olficers  are  expected  to  report 
any  infringement  of  this  regulation  to  this  office. 


DESCRIPTIVE  REPORTS  ON  PLACERS 

Par.  63,  Mining  Circular 

•  •  •  «  •  •  • 

(2)  Section  2395.  Revised  Statutes  (subdivision  7),  requires  the  sur- 
veyor to  "note  in  his  field  books  the  true  situation  of  all  mines,  salt  licks, 
salt  springs,  and  mill  scats  which  come  to  his  knowledge;"  also  "all 
watercourses  over  which  the  lines  he  runs  may  pass."  It  further  requires 
him  to  "note  the  quality  of  the  lands."  These  descriptive  notes  are 
required  by  subdivision  8  to  be  incorporated  in  the  plat  by  the  Surveyor- 
General. 

(3)  If  these  duties  have  been  performed,  the  public  surveys  will  fur- 
nish a  reasonable  guide  to  the  district  ofiicers  and  to  claimants  in  prose- 
cuting their  applications.  But  experience  has  shown  that  great  neglect 
has  resulted  from  inattention  to  the  law  in  this  respect,  and  the  re^ilar 
plats  are  of  very  little  value  in  the  matter.  It  will,  therefore,  be  re(|uired 
in  the  future  that  deputy  surveyors  shall,  at  the  expense  of  the  parties, 
make  full  examinations  of  all  placer  claims,  surveyed  by  them,  and  dtdy 
note  the  facts  as  specified  in  the  law,  stating  the  cjuality  and  composition 
of  the  soil,  the  kind  and  amount  of  timber  and  other  vegetation,  the  locus 
and  size  of  streams,  and  such  other  matters  as  may  appear  upon  the  sur- 
face of  the  claim.  This  examination  should  include  the  character  and 
extent  of  all  surface  and  underground  workings,  whether  placer  or  lode, 
for  mining  purposes. 

(4)  In  addition  to  these  data,  which  the  law  requires  to  be  shown  in 
all  cases,  the  deputy  should  report  with  reference  to  the  proximity  of 
centres  of  trade  or  residence;  also  of  well-known  systems  of  lode  deposit 
of  or  individual  lodes.  He  should  also  report  as  to  the  use  or  adaptability 
of  the  claim  for  placer  mining;  whether  water  has  been  brought  upon  it 
in  sufticient  quantity  to  mine  the  same,  or  whether  it  can  be  procured  for 
that  purpose;   and,  finally,  what  works  or  expenditures  have  been  made 
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by  the  claimant  or  his  grantors  for  the  development  of  the  claim,  and  their 
situation  and  location  with  respect  to  the  same  as  applied  for. 

(5)  This  examination  should  be  reported  by  the  deputy  under  oath 
to  the  Surveyor-General,  and  duly  corroborated ;  and  a  copy  of  the  same 
should  be  furnished  with  the  application  for  patent  to  the  claim,  consti- 
tuting a  part  thereof,  and  included  in  the  oath  of  the  applicant. 

CONTESTS  BETWEEN  MINERAL  AND  AGRICULTURAL 

CLAIMANTS 

Segregation  Surveys 

114.  When  the  case  comes  before  this  office  [General  Land  Otfice], 
such  decision  will  be  made  as  the  law  and  the  facts  may  justify;  and  in 
cases  where  a  survey  is  necessary  to  set  apart  the  mineral  from  the  agricul- 
tural land,  the  necessary  instructions  will  be  given  to  enable  the  proper 
party,  at  his  own  expense,  to  have  the  work  done,  at  his  option,  either  by 
United  States  deputy,,  county,  or  other  local  surveyor;  the  survey  in 
such  case,  where  the  claims  to  be  segregated  are  vein  or  lode  claims,  must 
be  executed  in  such  manner  as  will  conform  to  the  recjuirements  in  section 
2320,  U.  S.  Revised  Statutes,  as  to  length  and  width  and  parallel  end 
lines. 

115.  Such  survey  when  executed  must  be  properly  sworn  to  by  the 
surveyor,  either  before  a  notary  public,  officer  01  a  court  of  record,  or 
before  the  register  or  receiver,  the  deponent's  character  and  credibility  to 
be  properly  certified  to  by  the  officer  administering  the  oath. 

116.  Upon  the  filing  of  the  plat  and  field  notes  of  such  survey,  duly 
sworn  to  as  aforesaid,  you  [Register  and  Rece'iverl  will  transmit  the  same 
to  the  Surveyor-General  for  his  verification  ana  approval;  who,  if  he 
finds  the  work  correctly  performed,  will  properly  mark  out  the  same  upon 
the  original  township  plat  in  his  office,  and  furnish  authenticated  copies 
of  such  plat  and  description  both  to  the  proper  local  land  office  and  to 
this  office,  to  be  affixed  to  the  duplicate  and  triplicate  township  plats 
respectively. 

117.  With  a  copy  of  plat  and  description  furnished  the  local  office 
and  this  office,  must  be  a  diagram  tracing,  verified  by  the.  Surveyor- 
General,  showing  the  claim  or  claims  segregated,  and  designating  the 
separate  fractional  agricultural  tracts  in  each  40-acre  legal  subdivision 
by  the  prof)er  lot  number,  beginning  with  No.  i  in  each  section,  and 
giving  trie  area  in  each  lot,  the  same  as  provided  in  paragraph  45,  in  the 
survey  oi  mining  claims  on  surveyed  lands. 

SURVEY  OF  ADVERSE  CLAIMS 

Sec.  2326.  Where  an  adverse  claim  is  filed  during  the  period  of  pub- 
lication, it  shall  be  upon  oath  of  the  person  or  persons  making  the 
same,  and  shall  show  the  nature,  boundaries,  and  extent  of  such  adverse 
claim. 

86.  In  order  that  the  *' boundaries''  and  ''extent'*  of  the  claim  may  be 
shown,  it  will  be  incumbent  upon  the  adverse  claimant  to  file  a  plat  show- 
ing his  entire  claim,  its  relative  situation  or  position  with  the  one  against 
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which  he  claims,  and  the  extent  of  the  conflict.  This  plat  must  be  made 
from  an  actual  survey  by  a  United  States  deputy  surveyor,  who  will 
otTicially  certify  thereon  to  its  correctness;  and  in  addition  there  must 
be  attached  to  such  plat  of  survey  a  certificate  or  sworn  statement  by  the 
surveyor  as  to  the  approximate  value  of  the  labor  performed  or  improve- 
ments made  upon  the  claim  by  the  adverse  party  or  his  predecessors  in 
interest,  and  the  plat  must  indicate  the  position  of  any  shafts,  tunnels,  or 
other  improvements,  if  any  such  exist,  upon  the  claim  of  the  party  op- 
posing the  application,  and  by  which  party  said  improvements  were 
made:  Provided,  however,  That,  if  the  application  for  patent  describes 
the  claim  by  legal  subdivisions,  the  adverse  claimant,  if  also  claiming 
by  legal  subdivisions,  may  describe  his  adverse  claim  in  the  same  manner 
without  further  survey  or  plat. 

MINING  DISTRICTS  AND  SURVEYORS-GENERAL 

Alaska,  Sitka. . .' Williams,  Louis  L. 

Arizona,  Tucson Manning,  Levi  H. 

California,  San  Franscisco Green  William  S. 

Colorado,  Denver Robinson,  Thomas  D. 

Idaho,  Boise  City Straughan,  Joseph  C. 

Montana,  Helena Neill,  John  S.  M. 

Nevada,  Reno Belknap,  Clayton. 

New  Mexico,  Santa  Fe Easley,  Charles  F. 

Oregon,  Portland Arnold,  John  C. 

South  Dakota,  Huron Hughes,  Richard  B. 

Utah,  Salt  Lake  City Snow,  George  W. 

Washington,  Olmypia Watson,  William  P. 

Wyoming,  Cheyenne Thompson,  John  C. 
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FINITE   DIFFERENCES 


THE  CONSTRUCTION  OF  TABLES 


In  the  accompanying  figure  the  ordinates  are  spaced  at  the  tiniform 
distance  /  apart.  Let  the  successive  values  of  these  ordinates,  and  their 
several  orders  of  differences,  be  represented  by  the  following  notation: 
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Values  of  the  ftinction,  h^,         h^,         /t,,  //„  h^,         /ij,  h^. 

First  order  of  differences,        J'ho,      i'Ai,      J'h2*      J'hi,      J%,      J'Aj. 
Second     •*  ••  i"Ao.     J"*„     J"/!,.     i"A„     J"A4. 

Third        •*  '*  J'"Ao,    -^'"A,.    ^'"Aa.    i'"/»,. 

Fourth     *'  ••  -i»v;^o»    ^»^/ii.     ^»v/»2. 

etc.,  etc. 
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We  may  now  write 


hn'^hQ'^nJ'ho  +  — J"h9  +  -^ — '^'"ko+  etc. 

1*2  I  •  2 • 3 


(«) 


It  is  to  be  observed  that  the  coefficients  follow  the  law  of  the  binom- 
ial development.  It  is  also  seen  that  the  first  of  the  successive  orders 
of  differences  are  alone  sufficient  to  enable  any  term  of  the  function  to 
be  computed.  We  will  now  proceed  to  find  these  first  terms  of  the 
several  orders  of  differences  for  any  given  eouation. 

Almost  all  fimctions  of  a  single  variable  can  be  developed  by  the 
aid  of  Maclaurin's  Formula,  in  the  form 

^0  ■"  ^0  +  Q^o  +  ^1*^0* +^r<^o'+<^4V+ etc (2) 

If  X  take  an  increment  Jz,  thus  becoming  Xi,  the  change  in  y^  will 
be  represented  by  J'y©  and  its  value  will  be  the  new  value  of  the  function 
minus  its  initial  value,  or  i'yo  ^^^i  ~>'o«  ^7  putting  x-^Jz  for  x  in  the 
above  equation,  developing,  subtracting  the  original  equation,  and 
reducing,  we  would  obtain 

>'i  -^0  "  ^%  =  (Q  +  aC^o  +  3^*1^0'  +  4C^Xo^  Ax 

-¥{C^-^zC^^  +  6C,x^^d\^-{C^  +  AC^^)J^x+CJ^x.     .     (3) 

assuming  that  the  function  stops  with  C^^o*- 

If  a;,  should  now  take  another  increment  Ax  equal  to  the  previous 
one,  we  would  have  ^,=0:, -l-Jx  and  y^—y\-\-  d'y^.  Now  i'y,  is  the 
value  J'y  when  ^0  ^^s  become  at,,  and  the  difference  between  A'y^  and 
J'yi  is  the  change  in  the  value  of  J'y^  due  to  this  change  in  x. 

Hence  i'y,  -  i'yo  =  ^"^o. 

To  find  the  value  of  i"yo»  substitute  x-\-Jz  for  x  in  equation  (3), 
develop,  subtract  equation  (3),  reduce,  and  obtain 

J"yo  =  (2C,  +  6C^o+i2C4V)^'x  +  (6C3  +  24C4A:o)i»x  +  i4C,JV   .   (4) 

Similarly  we  find 

^'"yo  =  (6Q  +  24C>,.)J»,-h36C\J^. (5) 

Jivyy  =  246^4  J *x  (a  constant) (6) 

From  the  above  development  we  see — 

I.  That  the  number  of  orders  of  differences  is  equal  to  the  highest 
exponent  of  the  variable  involved,  the  last  difference  being  a  constant. 
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2.  That  if  any  initial  value  {Xq)  of  the  variable  be  taken,  the  first  of 
the  several  orders  of  differences  can  be  obtained  in  terms  of  this  initial 
value,  its  constant  increment,  and  the  constant  coefficients.  This  fur- 
nishes a  ready  means  of  computing  a  table  of  values  of  the  function, 
if  it  can  be  represented  in  the  form  of  equation  (i).  Evidently  if  the 
initial  value  of  the  variable  {Xq)  be  taken  as  zero,  the  evaluation  for  the 
several  initial  differences  is  much  simplified,  for  then  all  the  terms  in  x 
disappear.  If  the  constant  increment  be  also  taken  as  imity,  the  labor 
is  still  further  reduced. 


Example. — Construct  a  table  of  values  of  the  ftmction 


y^SO  —  4o;(f  +  20^'  +  4X*  — ^^ 


(7) 


Let  the  initial  value  of  the  variable  be  zero  and  the  increments  unity. 
Evaluating  the  initial  differences  by  equations  (3)  to  (6),  we  find, 
for  x^'^o,  and  Jx^ii 

^0- 


Ao' 


+  50; 

J''yo  =  2C\-\-6(\+  i4C\=  -i-  so; 

^'"yo=6(',  +  36C\  =-12; 

J'iyyQ  =  24C\  =-24 

From  these  initial  values  we  may  readily  construct  the  following 
table: 


Values 

Values  of 

I  St  Differences. 

2d  Differences. 

3d  Differences. 

4th  Differences. 

o(x. 

y». 

^'y. 

^'V. 

^   y. 

0 

I 

2 

3 
4 

50 

33 
66 

137 
210 

-17 
+   33 
+    71 
+    73 
+    15 

+  50 
+  38 

+        2 
-     58 

-  12 

-  36 

-  60 

-  84 

-  24 

-  24 

-  24 

5 
6 

7 
8 

225 
98 
-279 
-1038 

-127 

-377 

-759 

etc. 

-142 
-150 
-182 

etc. 

-108 

-132 

etc. 

-  24 

-  24 

etc. 

etc. 

etc. 

*  Fig.  152  is  the  locus  of  this  curve,  the  ordinates  being  taken  from  this  column. 

The  initial  values  in  all  the  columns  being  given,  the  table  is  made 
by  continual  additions,  one  column  after  another,  w6rking  from  right 
to  left.  Thus,  the  4th  difference  being  constant,  the  initial  value,  —24, 
is  simply  repeated  indefinitely.  The  column  of  3d  differences  is  now 
computed  by  adding  continuously  —24  to  the  preceding  value.  The 
column  of  2a  differences  is  next  made  out,  the  quantity  to  oe  added  each 
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time  being  the  intervening  3d  difference,  which  is  not  constant.  In  a 
similar  manner  proceed  with  the  column  of  ist  differences,  and  finally 
with  the  values  of  the  function  itself. 

The  above  formula;  apply  to  all  fimctions  of  a  single  variable  not 
higher  than  the  fourth  degree.  Evidently  any  of  the  C  coefficients  may 
be  zero,  and  so  cause  one  or  more  of  the  powers  of  jc  to  entirely  disappear. 
If  the  variable  is  involved  to  a  higher  degree  than  the  fourth,  a  new 
development  may  be  made,  or  the  initial  values  of  the  successive  orders 
of  differences  may  be  determined  by  simply  evaluating  the  function  for 
a  series  of  successive  values  of  the  variable,  one  more  in  number  than 
the  degree  of  the  ecj nation,  and  then  working  out  the  successive  columns 
of  differences  from  these  until  the  last,  or  constant,  difference  is  found. 
The  table  may  then  be  continued  by  combining  these  differences,  as 
before.  Thus  in  the  above  example  of  the  first  five  values  of  y  might 
have  been  fotmd  by  direct  evaluation  of  the  function  for  the  correspond- 
ing values  of  x,  and  then  the  successive  differences  taken  out  until  the 
constant  fourth  difference,  —24,  was  found.  This  can  always  be  done 
without  resorting  to  any  algebraic  discussion  as  given  above. 

THE   EVALUATION   OP   IRREGULAR   AREAS 

The  ordinates  to  any  curve,  as  that  in  Fig.  152  for  instance,  may  be 
represented  by  such  an  equation  as  the  last  of  equations  (i),  where  the 
length  of  any  ordinate  is  given  in  terms  of  its  number  from  the  initial 
ordinate,  the  value  of  this  first  ordinate,  and  the  first  of  the  successive 
orders  of  differences.     This  equation  is 

1*2  I • 2 '3 

where  hn.  is  the  nth,  and  therefore  any  ordinate  to  the  curve.  The  con- 
stant distance  between  the  ordinates  apparently  does  not  enter  the  equa- 
tion, but  it  is  really  represented  in  the  several  J*s. 

By  the  calculus  the  area  of  any  figure  included  between  any  curve, 

the  axis  of  abscissas,  and  two  extreme  ordinates  is  >4  =  (    hdx,  where  h 

Jo 

is  the  general  value  of  an  ordinate,  =hn  in  the  above  equation,  where  it 
is  shown  to  be  a  function  of  n.  Also  x  =nl  where  /  is  the  constant 
distance  between  ordinates,  whence  dx=ldn.  Substituting  these  values 
of  h  and  dx,  we  have 

hdx=\    hjdn=l\    /in^/;i=/    /lo  I    dn-\-J'ho\    ndn 
0  Jo  Jo  L    J^  J^ 

H "I    n(n  —  i)dn  -\ I    w(»f  —  i)(w  —  2)(in 

1-2  Jo  I  •  2  •  Sjo 


-  j    «(n  —  i)(w  —  2)(w  —  3Wn +etc.  I 


+  - — ?  I    «(n-i)(w-2)(w-3Wn+etc.  I (8) 
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Integrating  this  equation,  we  obtain 

2  ^64/  ^24       6        6  / 

^120      16        72         S^  ^720     60      9b       36       lO'' 

I     ^5040    288    720     64     1080    12/ 


(9) 


From  the  schedule  of  differences  on  p.  605,  we  may  at  once  find  the 
initial  values  of  the  several  orders  of  differences  in  terms  of  the  succes- 
sive values  of  the  function.     Thus 


i"Ao  =  ^'ht  -  J' ho  =  7^2  -  2/ii  +  /i„ ; 
=  /i<  —  4//,  +  6//,  —  4//1 4-/io- 


--^'/M, 


Again,  the  coefficients  follow  the  law  of  the  binomial  development, 
and  we  may  write 

I           f            .w(m  — i),            n(n  —  i) (n  —  2) .         .    ^  ,     . 

i'^/io  =  /t»  -  W/Jn  -  I  +  -/U-a  - : -i    ^ ~hn-i  +  etc.     .      ( I  o) 


I  •  2 


1.2.3 


By  the  aid  of  this  equation  we  may  now  substitute  for  the  several 
initial  differences  in  equation  (9)  their  values  in  terms  of  the  successive 
values  of  the  function.  Also  for  any  area  divided  into  n  sections  by 
ordinates,  uniformly  spaced  a  distance  /  apart,  equation  (9)  will  give 
the  area  in  terms  01  /,  «,  and  the  several  ordinates,  when  these  latter  are 
substituted  for  the  J*s  by  means  of  equation  (10). 

Thus,  for  n  =  I ,  equation  (9)  becomes 


(") 


which  is  the  Trapezoidal  Rule. 
For  n  =  2, 


/ 


yl=/(2;io  + 2  J';,o  +  (S-i)i"*o)=/(i/io  +  ^/'i  +  i/;2)  =-(/*« +  4/'i+^).     (12) 

which  is  called  Simpson*s  ^  Rule. 

If  /'  =2/  =  total  length  of  figure,  this  formula  becomes 


/^  =-(/'o  +  4/»i  +  /0.         (laa) 
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which  is  the  well-known  form  of  the  Prismoidal  Formula,  and  it  would 
be  that  formula  if  areas  were  substituted  for  ordinates. 
Ifn=3, 

/l=^(/'o  +  3^i+3^.+^s)» (13) 

which  is  called  Simpson's  ^  Rule. 
Ifti=4, 

^=^[7(^o  +  /0+32(^',+/i,)  +  i2;i,] (4) 

45 

If  M=6, 

If  now  the  coefticient  of  Jvi^  be  changed  from  T*iV  to  T*ft,  which 
would  not  affect  curves  of  a  degree  less  than  the  sixth,  the  resulting 
ecjuation,  when  the  Ws  are  substituted  for  the  J's,  takes  the  following 
very  simple  form: 

/l=Y^[/»o  +  /'2  +  /'4+/'«  +  5(^+^  +  /tj)+;tJ,      .     .     .     (15) 

which  is  called  WeddeVs  Rule. 

For  a  greater  number  of  ordinates  than  seven,  it  is  best  to  use  either 
equation  (12'),  (13),  or  (15)  several  times,  as  the  formulae  become  very 
complicated  for  n>  6. 


APPENDIX  D 

(Prom  Tracy's  "Plane  Surveying,"  by  pemiission  of  the  Author.*) 

ERRORS 

In  the  first  part  of  this  chapter  the  aim  is  to  define  the  diflfcrent  kinds  of  error,  and 
to  show  how  these  errors  aflfect  measurements;  also  to  explain  how  the  most  probable 
or  best  value  of  a  quantity  may  be  obtained,  and  how  the  precision  of  measurements 
may  be  pudged.  In  the  second  part  of  the  chapter  a  brief  review  of  the  method  of  least 
squares  is  given  in  so  far  as  that  method  is  likely  to  be  used  in  plane  surveying. 

Methods  of  preventing  or  eliminating  errors,  and  the  relative  importance  of  erroro 
from  different  sources,  will  be  treated  more  in  detail  in  subsequent  chapters. 

Error.  No  measurement  in  surveying  can  be  exact.  The  diflference 
between  a  measurement  and  the  true  value  of  the  quantity  meastired  is 
the  true  error  of  that  measurement.  The  true  error  of  a  measurement 
is  never  kmnvn,  for  the  true  value  of  the  quantity  measured  is  never 
known.  How  then  can  a  surveyor  judge  of  the  precision  of  his  meas- 
urements, and  how  can  he  determine  the  most  probable  or  best  values  of 
the  quantities  measured?  These  are  the  main  questions  to  be  con- 
sidered in  any  discussion  of  errors: 

Sources  op  Error,  (i)  Natural;  (2)  Instrumental;  (3)  Per- 
sonal. 

(1)  Natural.  Temperature,  wind,  refraction,  action  of  gravity, 
obstacles   to   measurement. 

(2)  Instrumental.  Imperfections  in  the  construtcion  and  adjust- 
ment of  instruments.  Expansion,  contraction,  and  other  possible 
changes  in  the  instruments. 

(3)  Personal.  Imperfections  of  human  sight  and  touch.  Actual 
mistakes. 

Three  Classes  of  Errors,  (i)  Mistakes;  (2)  Constant  errors; 
(3)  Accidental  errors.  If  a  measurement  of  a  quantity  is  greater  thm 
the  true  value  of  that  quantity,  the  error  is  plus;  if  less  than  the  true 
value,  the  error  is  minus.  The  total  error  is  not  due  to  any  one  cause, 
but  it  is  the  algebraic  sum  of  errors  due  to  different  causes. 

Mistakes  are  errors  which  have  their  source  in  the  mind  of  the 
observer. 

Constant  errors  are  those  which  occur  from  well-understood  causes 
and  can  be  eliminated. 

Accidental  errors  are  those  which  remain  after  mistakes  and  constant 
errors  have  been  eliminated. 

>  This  excellent  text  may  be  obtained  from  the  publishers,  John  Wiley  &  Son^  New 
York. 
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An  accidental  error  is  as  likely  to  be  plus  as  minus,  but  a  constant 
error  under  given  conditions  always  has  the  same  sign  and  the  same 
magnitude. 

Thus,  for  example,  if  a  tape  is  J  inch  too  long  because  of  high  tem- 
perature, this  is  a  constant  error,  because  under  the  same  conditions. 
I.e.,  the  same  temperature,  the  tape  will  always  be  J  inch  too  long. 
Under  changed  conditions,  i.e.,  low  temperature,  the  tape  may  become 
too  short:  then  the  sign  of  the  error  is  changed.  This  illustrates  how 
a  constant  error  from  a  given  source  may  be  plus  or  it  may  be  minus, 
but  under  the  same  conditions  it  cannot  be  plus  or  minus.  Suppose, 
on  the  other  hand,  that  an  observer  in  measuring  between  two  points 
makes  an  error,  in  reading  the  tape,  so  small  that  he  cannot  detect  it. 
This  accidental  error  is  as  likely  to  be  plus  as  minus,  and  if  he  repeats 
the  measurement  he  is  liable  to  make  a  similar  error  and  that,  too,  is 
as  likely  to  be  plus  as  minus. 

If  a  measurement  is  repeated  a  number  of  times  under  precisely 
the  same  conditions,  the  constant  error  is  the  same  for  each  measurement, 
both  in  sign  and  magnitude.  It  is  not  reduced  or  affected  in  any  way 
by  taking  the  mean  of  all  the  measurements.  The  accidental  error 
of  each  measurement,  on  the  contrary,  is  as  likely  to  be  plus  as  minus, 
and  the  accidental  error  of  the  mean,  therefore,  is  likely  to  be  less  than 
the  accidental  error  of  any  one  measurement.  Theoretically,  that  part 
of  the  total  error  due  to  accidental  errors  would  entirely  disappear  from 
the  means  of  an  indefinitely  large  series  of  observations,  taken  under 
precisely  the  same  conditions;  that  part  due  to  constant  errors  would 
still  remain. 

(a)  Illustrations.  A  few  illustrations  of  the  three  classes  of  errors  will  help  to  make 
the  distinctions  clear: 

Mistakes.  Errors  due  to  carelessness,  inexperience,  and  mental  confusion,  such  as 
mistakes  in  reading  the  tape,  the  vernier,  or  the  level  rod;  keeping  the  wrong  count  of 
tape  lengths;   turning  the  wrong  tangent  screw;   sighting  at  the  wrong  station. 

Constant  errors.  Errors  due  to  such  well-understood  sources  as  temperature,  sag, 
pull,  imperfect  graduation,  and  imperfect  adjustments  of  instruments. 

Accidental  errors.  Errors  due  to  imperfections  of  human  sight  and  touch  which  render 
it  impossible  to  make  exact  readings,  to  know  when  the  cross-hair  exactly  bisects  a 
signal,  to  handle  instruments  delicately;  sudden  and  imperceptible  changes  in  an  instru- 
ment itself;  indeterminate  variations  in  pull,  temperature,  and  certain  other  sources  of 
constant  errors. 

(6)  Remark.  When  mistakes  are  very  small  it.  is  sometimes  difficult  to  distinguish 
them  from  accidental  errors.  It  is  to  be  noticed  also  that  while  temperature  is  a  source 
of  constant  error,  variations  of  temperature  too  small  to  be  measured  may  l)e  classed  as 
accidental  errors;  the  same  is  true  of  small  variations  in  some  of  the  other  sources  of 
constant  errors. 

Notice  also  that  constant  errors  from  different  sources  tend  to  balance  each  other 
when  some  are  plus,  and  some  are  minus;  as,  for  example,  when  the  error  in  chaining 
due  to  high  temperature  tends  to  balance  error  due  to  sag.  Again,  constant  errors  from 
the  same  source  may  tend  to  balance  each  other  in  the  mean  of  measurements  taken 
under  different  conditions,  as,  for  example,  when,  in  chaining,*  part  of  the  measurements 
of  a  line  are  made  when  the  temperature  is  above  the  standard  temperature  for  the  tape, 
and  part  when  it  is  below. 

(c)  Cumulative  and  compensating  errors.  When  the  value  of  a 
quantity  is  found  by  adding  together  the  measurements  of  several 
smaller  quantities,  any  source  of  constant  error  becomes  a  source  of 
cumulative  errors,  because,  under  given  conditions,  a  constant  error 
always  has  the  same  sign:  on  the  other  hand,  any  source  of  accidental 
error  becomes  a  source  of  compensating  errors,  since  for  each  of  the  sepa- 
rate measurements  the  sign  is  as  likely  to  be  plus  as  minus.     Compen- 
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sating  errors  tend  to  balance  each  other,  while  the  ciunulative  errors 
from  any  one  source  affect  the  total  result  in  the  same  way. 

id)  Illustrations.  Anv  constant  error  in  the  length  of  a  tape  becomes  cumulative 
when  the  tape  is  applied  several  times  in  measuring  a  line,  i.e..  when  the  tape  lengths 
are  added  together,  for  the  total  error  due  to  that  cause  will  vary  in  direct  proportion 
to  the  niimber  of  tape  lengths.  On  the  other  hand,  errors  which  occur  in  marking  where 
the  end  of  the  tai>e  comes  each  time  that  it  is  stretched  are  compensating,  for  the  chances 
are  that  if  one  tape  length  is  marked  too  long  the  error  will  be  balanced  by  another  tape 
length  marked  too  short. 

Errors  due  to  the  settling  of  the  instrument  in  levelling  are  ciunulative.  bceause  the 
effect  is  always  the  same:  it  makes  the  calculated  elevations  of  succeeding  points  too 
high.  Errors  due  to  the  difficulty  of  telling  when  the  cross-hair  exactly  bisects  the  target 
are  compensating. 

Discrepancies.  In  ordinary  surveying  most  oi  the  distances, 
angles,  and  elevations  are  measured  but  once.  An  important  meas- 
urement, however,  is  often  repeated,  and  if  the  discrepancy  is  too  large 
the  quantity  is  measured  a  third  time. 

A  large  discrepancy  between  two  measurements  of  the  same  quantity 
nidicates  a  mistake  in  the  work,  but  it  does  not  follow  that  because  the 
discrepancy  is  small  the  error  is  small.  The  discrepancy  is  not  an  error, 
it  is  simply  the  difference  between  two  measurements  each  of  which 
contains  an  error  that  may  be  very  large.  This  is  an  important  point 
too  often  overlooked. 

(a)  IlluslratioH.  A  surveyor  measures  a  line,  the  true  length  of  which  is  400  feet, 
with  a  tape  which,  unknown  to  him.  is  i  foot  too  short.  The  first  time  he  gets  402  feet 
and  the  second  time  403.05.  The  discrepancy  is  only  0.05  foot,  indicating  that  he  has 
made  no  serious  mistake,  but  the  true  error  is  a  feet  for  the  first  measurement  and  a. 05 
feet  for  the  second. 

Elimination  of  Constant  Errors.  The  discrepancy  between  the 
two  measurements  in  the  preceding  illustration  did  not  indicate  the 
true  error,  because  of  a  constant  error  in  the  length  of  the  tape  which 
no  amount  of  repeating  the  measurement  under  the  same  conditions 
could  reveal.  The  surveyor  should  have  known  that  his  tape  was  J 
foot  too  short,  and  have  corrected  his  measurements  accordingly;  then 
the  discrepancy  would  have  indicated  more  nearly  the  precision  of  his 
work.  This  illustrates  why  it  is  the  first  business  of  the  surveyor  to 
eliminate  constant  errors  as  far  as  practicable.  A  mistake,  as  revealed 
by  a  discrepancy,  may  then  be  corrected  by  again  repeating  the  meas- 
urement. Constant  errors  and  mistakes-  having  been  eliminated  only 
accidental  errors  remain,  and  these  may  be  reduced  by  taking  the  arith- 
metical mean. 

As  pointed  out  above  under  certain  conditions  constant  errors 
become  cumulatii'e,  while  accidental  errors  are  compensating;  hence 
the  obvious  importance  of  eliminating  constant  errors  in  chaining,  in 
levelling,  and  in  all  similar  work  involving  the  summation  of  separate 
measurements. 

Prevention  and  Elimination  of  Errors,  (a)  Mistakes  are 
best  discovered  by  systematic  checks.  Checking  work,  an  essential 
part  of  all  surveying,  consists  in  comparing  results  with  known  condi- 
tions. 

Illustrations.     The   discrepancy   between    duplicate   measurements   should    be   small; 
the  sum  of  two  or  more  measurements  should  equal  another  measurement,  as.  for  example, 
when  the  sum  of  two  angles  should  equal  a  third  angle;   the  sum  of  two  or  more  measure- 
ments should  fulfil  some  known  condition,  as.  for  example,  the  interior  angles  of  a  triangle 
should  add  up  180°. 
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ib)  Constant  errors  are  prevented  or  eliminated  partly  by  systematic 
methods  of  field  work,  partly  by  calculation  and  correction. 

Illustrations.  Errors  due  to  imperfect  adjustment  can  be  eliminated  by  certain 
systematic  methods  in  the  use  oi  instruments,  such,  for  example,  as  the  method  of  double 
reverse  or  making  back  sights  and  fore  sights  equal  in  levelling.  Reading  both  verniers 
on  a  transit  eliminates  error  due  to  eccentricity.  Each  of  these  examples  illustrates  how 
by  taking  observations  in  pairs  a  plus  error  from  a  certain  source  of  constant  error  may 
be  offset  by  a  minus  error  from  the  same  source. 

Errors  in  chaining  due  to  temperature  can  be  calculated  and  corrected;  -so  can  errors 
due  to  sag  and  pull,  though  it  is  better  to  prevent  them  by  taking  proper  precautions. 
(See  Chapter  V.) 

(c)  Accidental  errors  cannot  be  eliminated,  but  they  follow  a  mathe- 
matical law, — the  law  of  probability, — according  to  which  they  may 
be  greatly  reduced  by  comparing  the  results  of  a  series  of  measurements. 
(See  p.  15.) 

Relative  Importance  op  Errors  from  Difperent  Sources. 
It  is  evident  that  constant  and  cumulative  errors  as  a  rule  are  more 
important  than  accidental  and  compensating  errors,  and  that  the  more 
measurements  there  are  of  a  quantity  the  less  the  mean  is  affected  by 
accidental  errors.  Beyond  this  it  is  difficult  to  make  any  general  state- 
ment. Any  error  large  enough  to  be  appreciable  should  usually  be 
avoided  or  corrected,  but  appreciable  is  a  relative  term,  and  an  error 
which  is  appreciable  under  certain  conditions  is  inappreciable  under 
other  conditions.  Thus,  for  example,  the  error  is  chaining  due  to  changes 
in  temperature  is  an  appreciable  error  provided  the  precision  required 
warrants  the  use  of  a  thermometer,  otherwise  it  may  be  considered 
inappreciable.  Errors  in  plane  surveying  so  small  that  they  are  ignored 
would  often  be. considered  of  great  magnitude  in  geodetic  surveying. 

(a)  Remark.  The  more  the  surveyor  knows  about  the  sources  and  nature  of  errors 
the  more  likely  he  is  to  judge  correctly  of  their  relative  importance.  He  must  know 
that  some  sources  of  constant  or  cumulative  errors  are  more  important  than  others,  and 
that  certain  errors,  though  they  may  be  compensating,  are  not  to  be  ignored.  A  more 
thorough  treatment  of  these  questions  is  given  in  the  chapters  on  Errors  in  Linear  Measure- 
ment, Errors  in  Angular  Measurement,  and  Errors  in  levelling. 

Probable  Values  and  the  Adjustment  of  Measurements. 
Probable  values  are  found  from  observed  values.  When  the  relations 
between  observed  values  are  complicated  a  knowledge  of  the  "  theory 
of  least  squares  "  is  necessary.  Some  simple  cases  which  frequently 
occur  in  surveying  may  be  given,  however,  without  entering  upon  that 
subject. 

There  are  two  general  cases,  viz.:  (i)  When  the  measurements 
are  of  one  and  the  same  quantity;  (2)  when  the  measurements  are  of 
different  but  related  quantities. 

(a)  Several  measurements  of  the  same  quantity.  The  most  probable 
value  of  the  quantity  is  the  arithmetical  mean  of  all  the  measurements, 
provided  the  measurements  are  made  with  equal  care. 

Illustraiions.     Three  measurements  of  a  line  made  with  equal  care  are  160.01.  160.  i, 
and    160.03.     The  most  probable  value  is   ( 160. ot  +  160.1  +  160.03) -5-3  =  160.047.     Four 
measurements  of  an  angle  are  30°  29'.  30**  31',  30°  ti',  and  30°  30'.     The  most  probable 
•   value  is  (30°  29' +  30'  31' +  30°  31' +  30°  30') +4  =  30'  30'  15". 

(b)  Measurements  of  several  related  quantities.  When  quantities 
are  related  because  of  two  or  more  conditions  which  they  must  fulfil, 
the  problem  of  finding  the  most  probable  values  of  these  related  quan- 
tities properly  belongs  to  the  "  theory  of  least  squares."     When,  how- 
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ever,  there  is  only  one  condition  fixing  the  relations  between  the  quan- 
tities, the  most  probable  values,  as  a  rule,  can  be  easily  found.  Two 
cases  under  this  head  which  often  arise  in  surveying  are:  (i)  when  the 
sum  of  several  measurenients  should  equal  an  exact  quantity,  and  (2) 
when  the  sum  should  equal  some  other  measurement.  In  the  first  case 
tl^e  difference  between  the  sum  and  the  exact  quantity  is  a  true  error; 
in  the  second  case  the  difference  between  the  sum  and  a  measured  quan- 
tity is  a  discrepancy. 

(f)  Case  I.  Witen  the  sum  of  several  measurements  should  equal  an 
exact  quantity  distribute  tlie  true  error  equally  among  all  the  measurements. 
The  results  will  be  the  most  probable  values  of  the  measurements. 

Illustration.  The  three  angles  of  a  triangle  add  up  179**  59'.  The  txact  quantity 
fixing  the  relations  between  the  measurements  is  180**.  The  tru9  error  is  i'  or  60".  Hence 
add  to  each  of  the  three  angles  one-third  of  60",  or  20". 

In  the  same  way  the  most  probable  values  of  the  interior  angles  of  any  polygon  may 
be  found  by  finding  the  true  error  of  their  sum  and  distributing  this  error  equally  among 
all  the  angles.     Notice,  however,  that  the  true  error  of  any  one  angle  is  not  known. 

(d)  Case  II.  When  the  sum  of  several  measurements  should  equal 
some  other  measurement  distribute  the  amount  of  the  discrepancy  equally 
among  all  of  the  measurements,  including  that  one  to  which  the  sum  should 
be  equal.  In  this  case  the  check  measurement  (i.e.,  the  total  measure- 
ment) cannot  be  exact,  and,  if  all  the  measurements  are  made  with  the 
same  care,  it  is  likely  to  contain  an  error  e(]ual  to  that  contained  in  each 
of  the  smaller  measurements.  //,  hoiver^er,  the  correction  is  added  to 
each  of  the  smaller  measurements,  it  must  be  subtracted  from  the  total  meaS' 
urement  and  vice  versa. 

(«)  Illustration.  If  in  the  illustration  of  Case  I  the  three  angles  had  been  the  three 
parts  of  a  fourth  angle  instead  of  the  three  angles  of  a  triangle,  and  if  the  measured  value 
of  the  fourth  angle  were  180°,  then  180**—  179°  ^9'  =  i'  =  6o"  is  the  discrepancy.  The  cor- 
rection is  6o"  +  4=»»  15"  instead  of  20",  ana  this  correction  is  added  to  each  of  the  three 
smalher  angles  but  subtracted  from  the  total  angle.  The  most  probable  value  of  the 
latter  is.  therefore,  1 80°-  15"-  179°  59'  45". 

(/)  Illustration.  The  measured  value  of  an  angle  is  40**.  When  divided  into  two 
angles  the  measurements  are  respectively  24**  30  and  15**  29'.  The  discrepancy  is 
40*^—  (24°  30'+  15°  29')  =«  i'«=6o".  Three  measurements  of  equal  care  are  involved,  hence 
the  correction  is  60" -t- 3  — 20"  and  the  most  probable  values  are  24**  30'  20",  15*  29'  20", 
and  39°  59'  40". 

(k)  Rtmark.  The  essential  difference  between  Case  I  and  Case  II  is  that  in  Case  I 
the  quantity  used  as  a  check  has  a  true  value  which  cannot  be  changed,  while  in  Case  II 
the  check  value  is  itself  a  measurement,  and  liable,  therefore,  to  contain  an  error  eaual 
to  that  contained  in  each  of  the  smaller  measurements.  The  method  in  Case  II  does 
not  hold  for  a  number  of  linear  measurements  of  different  lengths. 

The  Thrort  op  Errors  or  Method  of  Least  Squares.' 
The  '*  method  of  least  squares  "  is  a  method  of  determining  the  most 
probable  or  best  result  ot  observations.  It  is  based  on  the  assumption 
that  accidental  errors  will  entirely  disappear  from  the  mean  of  an 
indefinitely  large  series  of  independent  observations  of  the  same  quantity 
made  under  precisely  the  same  conditions,  and  that  therefore  if  constant 
errors  are  eliminated  from  these  observations  the  arithmetical  mean  is 
the  most  probable  value  of  that  quantity.  In  practice,  however,  (i) 
an  indefinitely  large  number  of  observations  cannot  be  made,   (2)   no 


>  It  is  the  purpose  of  this  article  to  Rive  only  so  much  of  the  theory  of  errors  as  may 
be  needed  in  the  simple  case«^  which  arise  in  plane  surveving.  For  a  more  comprehensive 
treatment  of  the  subject  consult  one  of  the  standard  works  on  the  method  of  least  squares. 
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two  observations  can  be  made  under  exactly  the  same  conditions,  and 
(3)  constant  errors  cannot  be  entirely  eliminated.  If  follows,  therefore, 
that  the  most  probable  value  of  a  quantity  is  ^trictly  a  theoretical  value, 
and  that  the  greater  the  number  of  observations,  and  the  more  completely 
constant  errors  are  eliminated  from  these  observations,  the  nearer  the 
most  probable  value  of  a  quantity  will  approach  the  true  value  as  a  limit. 
It  never  reaches  this  limit  (or  if  it  did,  there  would  be  no  means  of 
knowing  it),  and,  therefore,  no  matter  how  accurate  the  observations 
may  be,  the  probable  value  always  contains  an  error. 

{a)  A  residual  is  the  difference  between  the  value  of  a  quantity 
as  obtained  by  a  single  observation  and  the  most  probable  value  of 
that  quantity  as  obtained  by  a  number  of  observations.  In  any  given 
case  there  are  as  many  residuals  as  there  are  observations. 

ib)  The  probable  error  of  a  quantity  is  a  magnitude  such  that  the 
chances  are  even  that  the  true  error  contained  in  that  quantity  is  greater 
or  less  than  the  probable  error. 

lUustration.  A  series  of  measurements  of  the  length  of  a  line  gives  for  the  mean  or 
most  probable  value  528.91  feet.a  nd  the  probable  error  of  that  mean,  determined  by  a 
method  to  be  explained  later,  is  ±0.034  foot.  This  means  that  it  is  an  even  wager  that 
the  true  error  contained  in  528.91  feet  does  not  exceed  ±0.034  foot.  Notice  that  this 
is  quite  different  from  saying  that  the  true  error  does  not  exceed  ±0.034  foot. 

Use  Made  of  Most  Probable  Values  and  Probable  Errors. 
Most  probable  values  are  used  in  surveying  for  the  adjustment  of  meas- 
urements, and  probable  errors  to  indicate  the  precision  of  measurements. 

Most  probable  value.  The  simplest  and  most  common  cases  of  adjust- 
ing measurements  by  finding  the  arithmetical  mean  have  already  been 
given  on  p.  791. 

(a)  Probable  error  of  the  mean.  Suppose  that  a  second  series  of 
measurements  of  the  length  of  the  line  m  the  preceding  article  gives 
528.94  feet  for  the  mean  and  ±0.065  feet  for  the  probable  error  of  that 
mean.     The  results  of  the  two  sets  of  measurements  are: 

Most  Probable  Value.  Probable  Error. 

528.91  ±0.034 

528.94  ±0.065 

The  probable  error  of  the  mean  of  all  the  measurements  in  the  first 
series  is  approximately  half  that  of  the  mean  as  determined  by  the 
second  series.  This  mdicates  that  the  precision  of  the  first  result 
(528.91)  may  be  regarded  as  twice  that  of  the  second  (528.94). 

(6)  The  probable  error  of  a  single  observation  is  found  from  the  residuals 
of  a  number  of  observations,  as  explained  in  the  next  article.  If  it  is 
necessary  to  take  a  number  of  observations  in  order  to  determine  the 
probable  error  of  a  single  observation,  why  not  be  content  to  determine 
the  probable  error  of  the  mean  of  all  the  observations  and  stop  there? 
Of  what  use  is  the  probable  error  of  a  single  observation?  The  answer 
is  that,  having  determined  the  probable  error  of  a  single  observation 
under  given  conditions,  this  probable  error  indicates  the  precision  which 
may  be  expected  in  any  single  observation  made  under  the  same  con- 
ditions. 

Illustration.  In  measuring  an  angle  a  number  of  times  the  probable  error  of  a  single 
observation  is  found  to  be  ±8".  This  means  that  for  anv  other  angle  measured  by 
the  same  observer  with  the  same  transit  under  practically  the  same  conditions  a  prob- 
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able  error  may  be  expected  of  about  ±  8".  If  this  is  well  within  the  allowable  error,  the 
observer  is  justified  in  proceeding  with  single  observations  of  all  angles  that  can  be 
measured  under  the  given  conditions. 

(c)  Probable  errors  and  weights.  Probable  errors  afford  a  means  of 
finding  the  weights  which  should  be  given  different  sets  of  observa- 
tions, for  it  has  been  found  that  the  weights  of  observations  vary 
inversely  as  the  squares  of  their  probable  errors. 

Illustration.     On  p.  796  the  probable  error  of  the  mean  of  the  first  set  of  observations 

is  2". 8,  and  of  the  second  set  4". 6.     Hence  the  weights  are  as  7 — r— r  to  .-Trs.   or   about 

(2.8)»        (4>)' 
as  3  to  I. 

To     Determine     Probable     Errors.     The  formulas  given  below 
for  calculating  probable  errors  are  based  on  the  following  assumptions:, 
(i)  That  small  errors  are  more  frequent  than  large  ones. 

(2)  That  positive  and  negative  errors  are  ecjually  frequent. 

(3)  That  very  large  errors  do  not  occur. 

Additional  points  to  be  kept  in  mind  are:  (i)  Constant  errors  must 
be  eliminated  as  far  as  practicable.  (2)  Observations  should  be  made 
under  as  nearly  the  same  conditions  as  possible.  (3)  At  least  three 
observations  should  be  made.  If  there  are  only  two  observations,  the 
discrepancy  will  indicate  the  precision  as  truly  as  will  probable  error. 
The  more  observations  there  are  the  more  significance  may  be  attached 
to  the  probable  error,  although  a  small  number  of  observations  will  give 
surprismgly  satisfactory  results  if  the  other  conditions  already  men- 
tioned are  fulfilled. 

(a)  Rtmark.  The  student  is  warned  against  attaching  importance  to  probable  errors 
unless  he  is  reasonably  sure  that  the  above  conditions  are  fulfilled,  especially  that  per- 
taining to  the  elimination  of  constant  errors.  Since  the  method  of  least  squares  is  based 
on  the  arithmetical  mean  as  the  most  probable  value,  and  since,  as  has  been  pointed  out. 
constant  errors  cannot  be  eliminated  by  taking  the  mean  of  observations,  the  mdre  com- 
pletely the  constant  errors  are  eliminated,  or  corrected,  the  more  applicable  is  the  method 
of  least  square.  If,  for  example,  a  tape  is  too  long,  all  measurements  made  with  it  will 
be  too  short,  and  there  is  no  magic  in  least  squares  which  will  correct  the  results.  The 
probable  error  in  this  case  loses  its  significance  unless  each  of  the  separate  measure- 
ments from  the  mean  of  which  the  probable  error  is  derived  is  first  corrected  for  the 
constant  error  in  the  length  of  the  tape. 

Formulas  for  Probable  Errors.* 

Let  n«=the  number  of  the  observations; 

i;  =  the  difference  between  any  one  observation  and  the  mean 

of  all  the  observations,  i.e.,  the  residual  error  (p.  793); 
E=the  probable  error  of  a  single  observation; 
£n=the  probable  error  of  the  mean  of  all  the  observations; 
S  =a  symbol  signifying  sum  of. 

Then,  from  the  theory  of  least  squares, 


T-  ^  a/^^^  0-6745       / 

r-  ^  ^  a/       2r^  0.6745  / 

£o=--F=r  =  o.6745V-7-— -T.     or     -v^z^.- rV  vr^    .      .      (2) 

__^ ^ 

» Sec  any  treatise  on  the  Theory  of  Least  Squares, 
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Let  S/?  =sum  of  the  weights  and  R^  the  probable  error  of  the  general 
or  weighted  mean;  then 


7^0=0-6745 


(3) 


Let  i^f«  =  tlle  probable  error  of  the  sum  or  difference  of  several  inde- 
pendent   quantities    s,    s,,    s^,   .   .   .  z^. 

r,  fp  r,,  .  .   .  r»=the  probable  errors  of  z^,  Cj,  .  .  .  Sn,  respectively. 


/^a  =  V^r'  f  n^+V    •    •    •     +^n* 


(4) 


The  probable  error  of  a  product  Az,  where  /I  is  a  known  (juantity, 
z  an  observed  quantity,  and  r  the  probable  error  of  r,  is 


f^i=^A^t\     or     /<:„  =  . 4  r 


(5) 


Let  5.Sj  =  an  area  found  by  multiplying  together  the  measured  sides 

N   and  5i: 
f  and  r,  =the  probable  errors  of  .S  and  ,S,  respectively.     Then  the 

prooable  error  of  the  computed  area  55,  is 

Ra-^S^x'+S^r^ (6) 

Abbreviated  Methods.  In  applying  the  formulas  of  the  preced- 
ing article  approximate  values  will  often  oe  all  that  are  required.  For 
this  purpose  the  two  following  equat^ions  may  be  substituted  for  equa- 
tions (i)  and  (2)  respectively: 


^  ^  0.8453  Sr 
VnCn-i)' 


(7) 


,,   _o.8453  2?' 


(8) 


When   there  are  only  two  observations  and  D  is  the  discrepancy 
between  them, 


£  =0.470  or  roughly  iD  and  £io  ='0-337  or  roughly  ID. 


(9) 


In  formulas  (i)  aad  (2)  work  may  be  saved  by  using  the  coeflicient 
given  in  the  following  table: 


Single 

Series  of 

Single 

Series  of 

Observations. 

Observations, 

Observations, 

Observation*. 

M 

0.6745 

0.6745 

n 

0.674s 

0.6745 

Vn-^i' 

Vn(w-i) 

Vn-i  ■ 

V«(«-i) 

11 

0.2133 

0.0643 

a 

0.674s 

0.4769 

12 

0.2034 

0.0587 

3 

0.4769 

0.2754 

13 

0.1947 

0.0540 

4 

0.3894 

0.1947 

14 

0.1871 

0.0500 

S 

0.3372 

0. 1508 

15 

0 . 1 803 

0.0465 

6 

0.3016 

0.1231 

16 

0. 1742 

0.043s 

7 

0.27S4 

0. 1041 

17 

0.1686 

0.0409 

8 

0.2549 

0.0901 

18 

0. 1636 

0.0386 

9 

0.238s 

0.0795 

19 

0. 1590 

0.0365 

10 

0.3348 

0.07H 

20 

0.1547 

0.0346 
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A  table  of  squares  and  square  roots  greatly  facilitates  the  work. 
Other  tables  similar  to  that  given  above  will  be  found  in  standard  text- 
books on  least  squares. 

Illustration  of  the  Method  of  Least  Squares  Applied  to  Angles. 


First  Observer. 

Second  Observer. 

No. 

AnRle. 

V 

t;« 

No. 

Angle. 

V 

t;« 

T 

60°  20'  20" 

4 

16 

1 

60°  20'  50" 

14 

196 

2 

30 

6 

36 

2 

21    00 

a4 

576 

3 

10 

14 

196 

3 

20    40 

4 

16 

4 

20 

4 

16 

4 

20 

16 

256 

5 

40 

16 

256 

5 

30 

6 

36 

6 

10 

14 

196 

6 

10 

26 

676 

7 

20 

4 

16 

.7 

20 

16 

256 

8 

40 

16 

256 

8 

21    00 

24 

576 

8)ioo 

Xv 

'=988 

8)162  170 

Jv* 

-2588 

Mean -60''  20'  24"- 

Mean -60°  20'  36"  + 

Vn(w-i) 

Vn(«-i) 

=  0.0901  X(±3»-4)=  ± 

2.8'' 

=  0.0901  X(±S0.9)—  : 

£4.6" 

E^EA^n^  ±  2.8" X 2.8- 

-  ±  8.0" 

E-fi)V/^-i:4.6"X2.8 

=-±12.9" 

llluUration.  The  results  given  above  were  obtained  by  two  different  observers  usintc 
different  transits.  The  probable  error  of  the  mean  in  the  first  case  is  ±  2. "8,  while  in 
the  second  it  is  ±4". 6.  This  indicates  that  the  relative  precision  of  the  work  of  the 
two  observers  is  as  2.8  to  46.  or  nearly  as  5  to  3. 

To  find  the  most  probafoU  value  of  the  angle  by  comparing  the  mean  values  of  the  two 
series  of  observations  it  is  necessary  to  weight  their  mean  values.  Since  weights  are 
inversely   proportional   to   the  squares  of    probable   errors,  p.  793,    the  weights    are   as 

Q5  to  ^2-  o*"  nca*"^y  as  3  to  I. 
2.8'         4.6' 


24"Xl  +  lfi"Xl 


-— -.60°  20'  27". 


The  most  probable  value  fs  60°  20'  + 

The  probable  error  of  the  above  value  may  be  obtained  as  follows: 


24"-*«i     and     36"  — ft, 


±2".8-n    and     ±4".6-rj. 


\^A\     and     \»At. 


Pr««.  ^r^/ Probable  error  of  v4ifi  or  24X1 -.4iri-(f  X  ±  2".8)  =- ±  2".!    -/?p. 
rrom  (5)  ^Probable  error  of  Aift  or  36X  J  =/l»n-(i  X  ±4".6)- ±  i".is-/epi. 

The  probable  error  of  the  sum  of  (24"  X  I)  +  (36"  X  I),  is  from  (4), 

R»  =- ^RpU^RpT* -  V2. i*+i.i5'-  ± 2".4. 


APPENDIX  E 

GEOGRAPHICAL  POSITIONS  OF  BASE-LINES  AND  PRIN- 
CIPAL MERIDIANS  GOVERNING  THE  PUBLIC  SUR- 
VEYS 

• 

Since  the  adoption  of  the  rectangular  system  of  public  surveys,  May 
20,  1785,  twenty-four  initial  points,  or  the  intersection  of  the  principal 
bases  with  surveying  meridans,  have  been  brought  into  requisition  to 
secure  the  certainty  and  brevity  of  description  in  the  transfer  of  public 
lands  to  individual  ownership.  From  the  principal  bases  townships  of  six 
miles  square  are  run  out  and  established,  with  regular  series  of  numbers 
counting  north  and  south  thereof,  and  from  the  surveying  meridians  a  like 
series  of  ranges  are  numbered  both  east  and  west  of  the  principal  meridians. 

During  the  period  of  one  hundred  years  since  the  organization  of  the 
system  the  following  numerical  and  independent  principal  meridians  and 
bases  have  been  initiated,  to  wit: 

The  first  principal  meridian  divides  the  States  of  Ohio  and  Indiana, 
having  for  its  base  the  Ohio  River,  the  meridian  bein^  coincident  with  84*^ 
51'  of  longitude  west  from  Greenwich.  The  meridian  governs  the  sur- 
veys of  public  lands  in  the  State  of  Ohio. 

The  second  principal  meridan  coincides  with  86°  28'  of  longitude  west 
from  Greenwich,  starts  from  the  confluence  of  the  Little  Blue  River  with 
the  Ohio,  runs  north  to  the  northern  boundary  of  Indiana,  and  governs 
the  survej^s  in  Indiana,  and  a  portion  of  those  in  Illinois. 

The  third  principal  meridian  starts  from  the  mouth  of  the  Ohio  River 
and  extends  to  the  northern  boundary  of  the  State  of  Illinois,  and  governs 
the  surveys  in  said  State  cast  of  the  meridian,  with  the  exception  of  those 
projected  from  the  second  meridian,  and  the  surveys  on  the  west  to  the 
Illinois  River.  This  meridian  coincides  with  89°  10'  30"  of  longitude  west 
from  Greenwich. 

The  fourth  principal  meridian  be^ns  in  the  middle  of  the  channel  of 
the  mouth  of  the  Illinois  River,  in  latitude  38°  58'  12"  north  and  longitude 
90°  28'  45"  west  from  Greenwich,  and  governs  the  surveys  in  Illinois  west 
of  the  Illinois  River  and  west  of  the  third  prindpal  meridian  lying  north  of 
the  river.  It  also  extends  due  north  through  Wisconsin  and  northeastern 
Minnesota,  governing  all  the  surveys  in  the  former  and  those  in  the  latter 
State  lying  east  of  the  Mississippi  and  the  third  guide  meridian  (west  of 
the  fifth  principal  meridian)  north  of  the  river. 

The  fifth  principal  meridian  starts  from  the  mouth  of  the  Arkansas 
River,  and,  with  a  common  base-line  running  due  west  from  the  mouth  of 
the  Saint  Francis  River,  in  Arkansas,  governs  the  surveys  in  Arkansas, 
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Missouri,  Iowa,  Minnesota  west  of  the  Mississippi,  and  the  third  guide 
meridian  north  of  the  river,  and  in  Dakota  Territory  east  of  the  Missouri 
River.  This  meridian  is  coincident  with  90*^  58'  longitude  west  from 
Greenwich. 

The  sixth  principal  meridian  coincides  with  longitude  97**  22'  west 
from  Greenwich,  and,  with  the  principal  base-line  intersecting  it  on  the  40th 
degree  of  north  latitude,  extends  north  to  the  intersection  of  the  Missouri 
River  and  south  to  the  37th  degree  of  north  latitude,  controlling  the  sur- 
veys in  Kansas,  Nebraska,  that  part  of  Dakota  lying  south  and  west  of 
the  Missouri  River,  Wyoming,  and  Colorado,  excepting  the  valley  of  the 
Rio  Grande  del  Norte,  in  southwestern  Colorado,  where  the  surveys  are 
projected  from  the  New  Mexico  meridian. 

In  addition  to  the  foregoing  six  principal  meridians  and  bases  govern- 
ing public  surveys,  there  have  been  established  the  following  meridians 
and  bases,  viz.: 

The  Michigan  meridian^  in  longitude  84°  19'  09"  west  from  Greenwich, 
with  a  base-line  on  a  parallel  seven  miles  north  of  Detroit,  governing  the 
surveys  in  Michigan. 

The  Tallahassee  meridian,  in  longitude  84*^  18'  west  from  Greenwich, 
runs  due  north  and  south  from  the  point  of  intersection  with  the  base-line 
at  Tallahassee,  and  governs  the  surveys  in  Florida. 

The  Saint  Stephen's  meridian,  longitude  88°  02'  west  from  Greenwich, 
starts  from  Mobile,  passes  through  Saint  Stephen's,  intersects  the  base-line 
on  the  3 1  St  degree  of  north  latitude,  and  controls  the  surveys  of  the  south- 
epQ  district  in  Alabama  and  of  the  Pearl  River  district  lying  east  of  the 
river  and  south  of  township  10  north  in  the  State  of  Mississippi. 

The  Huntsville  meridian,  longitude  86°  3 1'  west  from  Greenwich,  extends 
from  the  northern  boundary  of  Alabama  as  a  base,  passes  through  the 
town  of  Huntsville,  and  governs  the  surveys  of  the  northern  district  in 
Alabama. 

The  Choctaw  meridian,  longitude  89°  10'  ^o"  west  from  Greenwich, 
passes  two  miles  west  of  the  town  of  Jackson,  in  the  State  of  Mississippi, 
starting  from  the  base-line  twenty-nine  miles  south  of  Jackson,  and 
terminating  on  the  south  boimdary  of  the  Chickasaw  cession,  controlling 
the  surveys  east  and  west  of  the  meridian  and  north  of  the  base. 

The  Washington  meridian,  longitude  91°  05'  west  from  Greenwich, 
seven  miles  east  of  the  town  of  Washington,  in  the  State  of  Mississippi, 
with  the  base-line  corresponding  with  the  31st  degree  of  north  latitude, 
governs  the  surveys  in  the  southwestern  angle  of  the  State. 

The  Saint  Helena  meridian,  91°  n'  longitude  west  from  Greenwich, 
extends  from  the  31st  degree  of  north  latitude,  as  a  base,  due  south,  and 
passing  one  mile  east  of  Baton  Rouge,  controls  the  surveys  in  the  Greens- 
Dorou^h  and  the  southeastern  districts  of  Louisiana,  both  lying  east  of 
the  Mississippi. 

The  Louisiana  meridian,  longitude  92°  20'  west  from  Greenwich, 
intersects  the  31st  degree  north  latitude  at  a  distance  of  forty-eight  miles 
west  of  the  eastern  bank  of  the  Mississippi  River,  and  with  the  base-line 
coincident  with  the  said  parallel  of  north  latitude,  governs  the  surveys 
in  Louisiana  west  of  the  Mississippi. 

The  New  Mexico  meridian,  longitude  106°  52'  09"  west  from  Green- 
wich, intersects  the  principal  base-line  on  the  Rio  Grande  del  Norte,  about 
ten  miles  below  the  mouth  of  the  Puerco  River,  on  the  parallel  of  34°  19' 
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north  latitude,  and  controls  the  surveys  in  New  Mexico,  and  the  valley 
of  the  Rio  Grande  del  Norte,  in  Colorado. 

The  Great  Salt  Lake  meridian,  longitude  1 1 1°  53'  47"  west  from  Green- 
wich, intersects  the  base-line  at  the  corner  of  Temple  Block,  in  Salt  Lake 
City,  Utah,  on  the  parallel  of  40**  46'  04"  north  latitude,  and  governs  the 
surveys  in  the  Temtory  of  Utah. 

The  Boisi  meridian,  longitude  116°  20'  west  from  Greenwich,  intersects 
the  principal  base  between  the  Snake  and  Bois6  Rivers,  in  latitude  4^°  26' 
north.  The  initial  monument,  at  the  intersection  of  the  base  and  meridian, 
is  nineteen  miles  distant  from  Bois^  City,  on  a  course  of  south  29**  30" 
west.    This  meridian  governs  the  surveys  in  the  Territory  of  Idaho. 

The  Mount  Diablo  meridian,  California,  coincides  with  longitude  121** 
54'  west  from  Greenwich,  intersects  the  base-line  on  the  summit  of  the 
mountain  from  which  it  takes  its  name,  in  latitude  37°  53'  north,  and 
governs  the  surveys  of  all  central  and  northeastern  Calitornia  and  the 
entire  State  of  Nevada. 

The  San  Bernardino  meridian,  California,  longitude  116°  56'  west  from 
Greenwich,  intersects  the  base-line  at  Mount  San  Bernardino,  latitude  34° 
06'  north,  and  governs  the  surveys  in  southern  California  lying  east  of  the 
meridian,  and  that  part  of  the  surveys  situated  west  of  it  which  are  south 
of  the  eighth  standard  parallel  south  of  the  Mount  Diablo  base-line. 

The  Humbolt  meridian,  longitude  124°  11'  west  from  Greenwich,  inter- 
sects the  principal  base-line  on  the  summit  of  Mount  Pierce,  in  latitude 
40®  2j'  30"  north,  and  controls  the  surveys  in  the  northwestern  comer 
of  California  lying  west  of  the  coast  range  of  moimtains  and  north  of 
township  5  south  of  the  Humboldt  base. 

The  Willamette  meridian  is  coincident  with  longitude  122°  44'  west 
from  Greenwich,  its  intersection  with  the  base-line  is  on  the  parallel  of 
45°  30'  north  latitude,  and  it  controls  the  public  surveys  in  Oregon  and 
Washington  Territorj^. 

The  Montana  meridian  extends  north  and  south  from  the  initial  monu- 
ment established  on  the  summit  of  a  limestone  hill,  eight  hundred  feet  high, 
longitude  111°  40'  54"  west  from  Greenwich.  The  base-line  runs  east  and 
west  from  the  monument  on  the  parallel  of  45°  46'  27"  north  latitude.  The 
surveys  for  the  entire  Territory  of  Montana  are  governed  by  this  meridian. 

The  Gila  and  Salt  River  meridian  intersects  the  .base-line  on  the  south 
side  of  the  Gila  River,  opposite  the  mouth  of  Salt  River,  in  longitude 
112°  15'  46"  west  from  Greenwich,  and  latitude  33°  22'  57"  north,  and 
governs  the  public  surveys  in  the  Territory  of  Arizona. 

The  Indian  meridian  intersects  the  base-line  at  Fort  Arbuckle,  Indian 
Territory,  in  longitude  97°  15'  56"  west  from  Greenwich,  latitude  34°  31' 
north,  and  governs  the  surveys  in  that  Territory. 


APPENDIX   F 

SOME  SUGGESTIONS  ON  THE  DESIGN  AND  TEST  OF  AN 
ENGINEER'S  TRANSIT  AND  LEVEL,  WITH  STAND- 
ARD SPECIFICATIONS  FOR  SAME  i 

Let  us  first  inquire  what  are  the  features  of  the  usual  complete 
engineer's  transit  or  tachy meter  which  are  most  open  to  criticism,  and 
what  are  the  proper  remedies.  It  is  the  writer's  observation  that  the 
performances  of  the  vertical  circle  and  telescope  level  fall  far  short  of 
what  reasonably  should  be  expected,  and  thereby  greatly  limit  its  use- 
fulness as  a  topographic  instrument.  The  causes  of  this  deficiency  may 
be  stated  as  follows: 

(a)  Too  small  a  vertical  circle. 

(b)  The  omission  of  a  sensitive  level  from  the  vertical  circle  for  the 
control  of  its  zero. 

(c)  The  use  of  irregular  and  non-sensitive  telescope  level  vials. 

It  is  a  well-known  lact  that  an  error  of  several  feet  in  the  horizontal 
location  of  a  topographic  point  would  scarcely  be  discernible  on  a 
contour  map  of  ordinary  scale,  while  an  equally  large  error  in  its 
vertical  location  might  entirely  vitiate  the  map  for  its  designed  purpose. 
In  view  of  this  fact,  the  time-honored  custom  of  using  transits  with 
large  horizontal  circles,  frequently  reading  to  fractions  of  a  minute, 
results  in  simply  strengthening  the  work  at  a  point  already  the  strongest, 
while  the  custom  which  sanctions  the  use  of  small  vertical  circles  weakens 
the  work  at  a  point  "where  the  greatest  accuracy  is  needed.  With  a 
transit  provided  with  horizontal  and  vertical  circles  of  equal  size,  the 
elevations  will  still  constitute  the  weakest  part  of  the  work. 

The  usual  excuse  for  the  common  practice  of  furnishing  transits 
with  smaller  vertical  tlian  horizontal  circles  is  found  in  the  supposed 
danger  of  injuring  the  larger-sized  circle.  Thje  writer's  exp>erience  under 
the  most  trying  cn*cumstances,  incidental  to  rugged  mountain  climb- 
ing, would  indicate  that  this  danger  is  greatly  overestimated.  In  fact, 
if  the  circle  is  protected  with  a  cast  metal  guard  (and  it  always  should 
be  so  protected),  there  can  be  little  danger. 

Whether  an  arc  or  a  circle  be  furnished,  its  vernier  should  be  pro- 
vided with  an  accurate  and  easy  method  of  adjusting  the  zero,  a  tangent 
screw  being  preferred.     Few  American  transits  are  so  provided. 

»  Abstract  of  discussion  by  Professor  L.  S.  Smith  of  paper.  Some  Devices  for  Increas  ■ 
ing  the  Accuracy  or  Rapidity  of  Surveying  Operation.  .  Trans.  Am.  Soc.  C.  E..  Vol. 
XLVIII,  190a,  p.  130. 
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One  objection  to  the  substitution  of  the  vertical  arc  for  the  com- 
plete circle  is,  that  it  precludes  the  reversion  of  the  circle  for  the  elimi- 
nation of  errors  of  aajustment  in  such  problems  as,  for  example,  the 
determination  of  azimuth  by  the  direct  solar  observation,  now  so  com- 
monly used  in  the  West. 

Although  the  small  vertical  circles  generally  furnished  by  makers 
ostensibly  read  to  single  minutes,  experienced  observers  are  well  aware 
that  this  accuracy  is  seldom  refllized,  because  of  the  uncertainty  of 
the  reading.  Sucn  circles  should  be  graduated  to  half  minutes  and 
provided  with  permanently  mounted  magnifying  glasses. 

A  second  element  which  introduces  error  into  the  vertical  work  of 
a  transit  is  the  common  practice  of  depending  upon  cheap  non-sensitive 
plate  levels  for  the  control  of  the  vertical  circle  zero.  If  not  specified 
makers  send  out  plate  levels  with  a  sensitiveness  between  loo  and  ^60 
seconds  per  one- tenth  inch  of  level.  Now  every  topographer  knows  that 
after  the  orienting  back  sight  has  been  taken  and  before  the*  fore  sight 
can  be  taken,  the  instrument  will  get  out  of  level,  a  condition  indicated 
by  the  plate  bubbles  getting  off  centre.  This  introduces  errors  in  the 
vertical  circle  readings,  it  may  be  of  equal  angular  amounts.  Nor  can 
the  plate  levels  be  relevelled  without  introducing  an  error  in  the  orienta- 
tion which  will  affect  all  subsequent  azimuths.  But  even  if  this  dis- 
placement does  not  always  take  place,  a  sensibility  of  100  to  360  seconds 
IS  quite  inadequate  to  control  the  vertical  circle.  The  proper  remedy 
for  this  evil  is  found  by  placing  an  extra  level  on  the  standard  or  upon 
the  vertical  circle  guam,  made  adjustable  so  as  to  read  zero  when  the 
telescope  level  is  horizontal. 

The  writer  would  advocate  two  double  verniers  on  the  vertical  circle 
even  if  the  second  vernier  is  used  only  to  check  eccentricity.  The  entire 
vertical  circle  should  be  protected  by  the  guard,  the  verniers  being 
covered  by  glass  windows,  the  same  as  the  verniers  on  the  horizontal 
limb. 

A  third  suggested  change  in  the  construction  of  the  telescope  has  for 
its  object  suitable  provision  for  making  the  optical  centre  of  the  object 
glass  describe  a  straight  line  coincident  with  the  geometrical  axis  of 
the  telescope.  This  requirement  is  often  lacking  and  yet  without  it 
the  other  specifications  will  fail  to  insure  accurate  work.  The  most 
frequent  causes  of  the  failure  of  the  above  requirements  are  due  to 
either  too  short  an  object-glass  slide  or  an  imperfect  or  inade(]uate  fitting 
of  the  movement.  This  point  is  discussed  more  fully  under  the  head 
of  the  wye  level. 

A  fourth  needed  change  in  the  design  of  the  transit  and  one  certain 
to  improve  the  accuracy  of  its  vertical  work  is  found  in  a  rational  increase 
in  the  sensibility  of  its  telescope  level. 

Except  in  very  mountainous  regions  a  properly  run  topographic 
traverse  by  the  *  transit  and  stadia  method  "  allows  a  considerable 
proportion  of  the  vertical  angle  reading  on  turning  points  to  be 
replaced  by  level  readings,  thereby  correspondingly  reducing  the 
amount  of  required  office  work,  while  at  the  same  time  insuring  a  higher 
degree  of  accuracy  in  the  resulting  levels.  This  would  be  notably  the 
case  of  a  combined  hydrographic  and  topographic  survey  of  a  river  and 
its  adjacent  valley.  This  pomt  was  first  brought  to  the  writer's  atten- 
tion while  making  a  survey  of  the  Colorado  River  for  a  distance  of  about 


802  SURVEYING 


i^u. 


25  miles  near  Yuma,  Arizona.  At  this  point  the  river  flows  in  a  wide 
sandy  valley  of  light  gradient,  so  that  practically  all  elevations  were 
taken  by  level  readings.  Although  this  survey  was  executed  under 
the  most  txying  conditions  of  weather,  and  with  an  average  length  of 
sight  of  about  300  metres,  its  levels  checked  on  bench  marks  determined 
by  accurate  spirit  levelling  within  about  one-half  a  foot. 

Equally  close  results  have  since  been  observed  on  topop*aphic  lines 
which  lead  the  writer  to  the  conclusion  that  a  property  devised  level  on 
the  transit  telescope  is  quite  sufficient  to  secure  results  imder  favor- 
able circumstances  comparable  to  that  of  common  wye  levels,  and 
expressed  by  the  formula,  error  =-0.05  feet  X the  square  root  of  distance 
in  miles  as  the  highest  limit,  and  perhaps  twice  this  for  lowest  limit, 
the  latter  being  expected  only  under  very  imfavorable  circumstances 
of  length  of  sight  and  weather  conditions. 

If  the  above  statement  of  the  accuracy  of  transit  levels  be  accepted 
as  true,  and  a  fast-increasing  number  of  topographers  are  accepting  it, 
the  field  for  the  engineer's  wye  level  is  small  indeed.  However,  such 
high-grade  work  cannot  be  expected  with  transits  furnished  with  the 
non-sensitive  and  irregularly  ground  level  so  frequently  furnished  the 
unsuspecting  purchaser.  After  considerable  experimental  work  to 
determine  this  point,  the  writer  would  suggest  a  sensibility  correspond- 
ing to  one-tenth  inch,  equal  to  from  15  to  20  seconds  of  arc.  Of 
course  the  sensibility  of  the  levels  and  the  magnifying  power  of  the 
telescope  are  inter-related. 

Other  important  requisites  of  a  rationally  designed  engineer's  transit, 
not  always  complied  with,  niay  be  considered  tmder  the  followin^f  heads: 
(a)  Magnifying  power,  {h)  Chromatic  and  spherical  aberration,  (r) 
Definition,  {d)  Flatness  of  field,  (e)  Illumination,  (/)  Centring  of  lenses. 
The  limits  of  this  paper  will  allow  only  a  very  general  treatment  of  the 
above  points.  Preliminary  to  testing  a  transit,  the  owner  would  do 
well  to  look  carefully  into  the  telescope  barrel  through  the  objective 
in  order  to  discover  the  presence  of  an  interposed  diaphragm,  some- 
times inserted  by  the  maker  to  prevent  the  discovery  of  the  many  evils 
resulting  from  poor  lenses  and  poor  workmanship. 

Such  a  diaphragm  should  never  be  tolerated,  because  it  must  reduce 
the  effective  diameter  of  the  objective  correspondingly,  and  thereby 
seriously  interfere  with  its  function  as  a  light  gatherer.  The  presenc« 
of  such  a  diaphragm  may  always  be  taken  as  prima  facie  evidence  of  poor 
workmanship,  unless  inserted^  near  the  recticule. 

The  magnifying  power  of  the  eye-piece  should  depend  in  part  upon  the 
least  count  of  its  vernier  and  the  size  of  the  objective.  An  ideal  mag- 
nification would  be  one  .such  that  a  movement  of  the  alidade  correspond- 
ing to  the  least  count  of  its  vernier,  should  cause  an  easily  perceptible 
movement  of  the  line  of  sight  on  the  object  sighted.  As  the  diameter 
of  the  objective  largely  determines  the  illumination  of  the  image,  it 
should  be  as  large  as  possible  and  be  consistent  with  other  details.  It 
should  also  be  transparent  and  highly  polished.  M  d  he  the  diameter 
of  the  objective  in  millimetres,  and  m  the  magnifying  power  of  the 
telescope  in   diameters,  then  the  illuminating  power   of  the    telecope 

t= — ;!  the  natural  illumination  being  taken  as  unity. 

The  flatness  of  the  field  depends  largely  on  the  sphericity  of  the  eye- 
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piece.  This  may  be  tested  as  follows:  Draw  a  heavy-lined  square  eight 
inches  on  a  side,  and  place  it  at  such  a  distance  from  the  instruments 
that  it  shall  nearly  fill  the  entire  field.  When  the  telescope  is  focussed 
its  side  should  appear  perfectly  straight,  though  a  slight  curve  at  the 
extreme  limits  of  the  field  should  cause  no  appreciable  error  in  stadia 
work. 

•The  definition  of  a  telescope  depends  upon  three  conditions — ^the 
accuracy  of  the  curvature  of  the  various  lenses,  upon  their  centring, 
and  upon  their  movement  in  focussing.  If  the  eccentricity  of  the  eye- 
piece is  large  or  if  the  optical  axis  of  the  lens  be  not  parallel  to  the  Ime 
of  sight,  the  definition  may  be  so  poor  as  to  seriously  effect  the  focuss- 
ing of  the  extreme  stadia  wires.  Displacements  of  the  objective  are 
even  more  serious  in  producing  poor  definition  of  the  image. 

Lateral  displacements  of  either  eye-pieces  or  objective  may  be  dis- 
covered by  talcing  the  telescope  of  the  transit  out  of  the  standards, 
and,  after  focussing  the  threads  and  objective  on  some  distant  point, 
turn  the  telescope  in  improvised  wooden  wyes.  The  image  and  the 
threads  will  appear  to  move  in  the  arc  of  a  circle  above  the  telescope 
axis  even  when  the  wire  or  recticule  adjustment  has  been  perfectly 
made.  Not  infrequently  makers  send  out  even  wye  levels  whose  lenses, 
when  tested  as  above,  show  very  large  eccentricities.  Such  an  instru- 
ment should  be  promptly  returned  to  the  maker. 

< 

SPECIFICATIONS     FOR     COMPLETE     ENGINEER'S     TRANSITS     FURNISHED     TO 

THE    UNIVERSITY    OF    WISCONSIN 

General  Conditions.  All  constructive  details  shall  be  of  superior 
workmanship  and  design.  Weight  not  essential  to  the  stiffness  of 
the  instrument  shall  be  avoided  by  the  standard  rib  construction. 
The  instrument  without  tripod  should  weigh  not  more  than  ten  pounds. 
Especial  attention  shall  be  given  to  making  extra  strong  all  parts 
likely  to  be  injured  by  accident.  Only  the  hardest  bell  metal  and 
phosphor  bronze  shall  oe  used  for  centres  and  telescope  axis,  and  soft 
Drass  shall  be  everywhere  avoided.  Tangent  screws  and  head  of  tripod 
shall  be  made  of  aluminum  bronze  and  provided  with  German  silver 
spiral  springs.     Prices  shall  be  F.  O.  B.,  Madison,  Wis. 

Horizontal  Circle.  The  diameter  at  the  edge  of  graduation  shall 
be  five  (5)  inches.  The  graduation  shall  be  to  half  degrees  on  solid 
silver,  frosted  finish,  and  every  ten  degrees  shall  be  distinctly  numbered 
from  zero  to  360  in  both  directions,  the  numbers  sloping  in  the  direction 
they  are  increasing. 

The  circle  shall  be  provided  with  two  double  verniers,  A  and  B, 
exactly  180  degrees  apart,  and  reading  to  single  minutes. 

The  zeros  of  the  verniers  shall  be  placed  at  an  angle  of  35°  to  the 
line  of  sight,  and  shall  be  provided  with  ground-glass  reflectors.  Eccen- 
tricity of  vertical  axis  and  of  all  verniers  must  be  as  perfectly  eliminated 
as  the  highest  mechanical  skill  will  allow. 

Complete  Vertical  Circle.  Transit  shall  be  provided  with  a  complete 
vertical  circle  with  a  diameter  not  less  than  5  inches,  graduated  on 
solid  silver  and  read  to  single  minutes  by  two  double  verniers.  The 
verniers  shall  be  provided  with  an  easy  and  reliable  means  of  adjust- 
ment.    The  vertical  circle    shall  be  furnished  with  a  cast-metal  guard 
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to  protect  the  entire  edge  of  the  graduation.  An  extra  level  vial  sen- 
siblity  i-io  inch  =  20  seconds  with  suitable  means  of  adjustment,  shall 
be  firmly  mounted  on  this  guard  so  as  to  control  the  zeros  of  the  verniers. 
The  honzontal  axis  shall  have  a  radial  clamp  and  slow  motion  screw  with 
a  gradienter. 

Magnetic  Needle,  Instrument  shall  be  provided  with  the  usual 
cornpass  box  and  a  sensitive  and  accurate  needle  ^bout  3  J  inches  long. 

"telescope.  The  objective  shall  have  a  clear  aperture  of  not  less  than 
if  inches  in  diameter,  perfectly  achromatic  and  with  a  flat  field,  suitable 
for  accurate  stadia  measurements.  Both  the  objective  and  ocular 
lenses  shall  be  mounted  so  that  their  optical  centres  lie  in  the  geometrical 
centre  of  the  telescope  tube,  and  provision  shall  be  made  to  msure  that 
the  optical  centres  shall  describe  straight  lines  when  focu.ssing. 

Eye-piece  shall  be  inverting  and  magnifying  between  22  and  28 
diameter  and  be  free  from  chromatic  aberration.  It  shall  also  be  pro- 
vided with  a  prismatic  eye- piece  with  a  solar  shade. 

The  reg^ar  eye-piece  shall  have  the  usual  focussing  screw  or  worm 
and  a  dust  guard. 

The  horizontal  axis  of  the  telescope  shall  be  provided  with  the  most 
improved  means  of  adjustment  and  shall  be  fitted  with  a  suitable  base 
for  the  attachment  of  a  Saegmttller  solar  attachment. 

Stadia  wires.  Two  extra  fixed  stadia  wires,  very  fine  and  opaque, 
shall  be  furnished  and  placed  equidistant  from  the  middle  crosswire. 
The  total  distance  apart  of  the  stadia  wires  shall  be  i-ioo  of  the  focal 
length  of  the  ol^jective.  They  shall  be  of  such  size  as  not  to  cover  more 
than  0.02  of  a  foot  on  a  rod  held  at  a  distance  of  1000  feet. 

Telescope  lei^el.  The  level  shall  be  ground  to  a  uniform  curvature 
of  iV  inch  =  15  to  20  seconds.  The  graduations  shall  extend  over  the 
entire  exposed  length  and  shall  be  numbered  on  the  vial  both  ways  from 
zero  at  the  centre. 

Plate  lei^els.  Both  plate  levels  shall  be  accurately  fixed  to  the  transit 
with  the  most  approved  and  stable  provision  for  their  adjustment. 
Both  levels  shall  be  graduated  and  their  curvature  shall  be  ^  inch -=40 
seconds. 

Clamps.     All  clamps  shall  be  of  the  radial  pattern. 

Fifiish.  The  telescope,  telescope  level,  vertical  circle  guard,  and 
standards  shall  have  the  so-called  "cloth  finish,'*  the  remainder  any 
good  standard  finish. 

Tripod  shall  be  of  split-leg  pattern  and  provided  with  shifting  centre. 
Its  weight  shall  not  exceed  eight  pounds.  The  steel  shoe  of  tripKxl  shall 
be  provided  with  a  shoulder  for  forcing  it  into  the  ground. 

Box.  The  instrument  shall  be  furnished  in  a  neat  hardwood  box 
with  lock,  together  with  a  sun  shade,  reflector,  magnifying  glass,  plumb 
bob,  wrench,  adjusting  pins,  and  silk  or  waterproof  bag.  The  box  shall 
have  a  leather  strap  and  rubber  cushion  on  the  bottom,  and  shall  be 
so  constructed  as  to  allow  of  transit  being  packed  flat  instead  of 
upright. 

engineer's  levelling  intruments 

A  discussion  of  the  relative  merits  of  "  wye  "  and  **  dumpy  "  levels 
is  aside  from  the  main  purposes  of  this  paper,  and  yet  it  may  not  be 
out  of  place  to  briefly  state  the  writer's  veiws  on  this  point.     Tne  Amer- 
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ican  engineer  is  clearly  behind  his  European  brother,  who  has  long 
recognized  the  merits  of  the  dumpy  type  of  levelling  instruments.  The 
greater  steadiness  claimed  for  the  wye  level  is  more  than  offset  in  the 
dumpy  level  by  its  simplicity  of  construction  and  adjustment,  with 
the  resulting  certainty  of  the  relation  between  the  line  of  sight  and  the 
axis  of  the  level  vial.  The  supporters  of  the  wye  level  have  little  ground 
on  which  to  stand.  The  most  perfectly  constructed  levelling  instru- 
ment ever  made,  both  from  the  theoretical  standpoint  as  well  as  evi- 
denced by  its  completed  work,  is  the  latest  type  of  precise  level  designed 
by  the  U.  S.  Coast  and  Geodetic  Survey.  This  level  is  of  the  dumpy 
type.  With  it  250  miles  of  single  level  lines  have  been  run  per  month, 
and  that  too  with  greatly  inrceased  accuracy  over  that  claimed  for 
commercial  levelling.* 

The  following  brief  discussions  include  the  important  points  in  the 
specifications  for  a  wye  level  used  at  the  University  of  Wisconsin. 

1.  Telescope. 

(a)  The  object  glass  should  have  a  clear  aperture  of  not  less  than 
i|  inches  and  should  have  the  other  requisites  given  in  the  discussion 
01  the  transit.  It  is  doubfy  important  in  the  level  that  the  object  glass 
should  be  so  securely  and  accurately  mounted  that  when  focussed  at 
different  distances  its  optical  centre  shall  describe  a  straight  line  coin- 
cident with  the  geometrical  a.xis  of  the  telescope.  Any  wobbling  is 
fatal  to  accurate  work.  Stable  conditions  can  be  best  secured  by  the 
use  of  long  object-glates  slide,  extending  nearly  to  the  reticule.  In 
general  it  appears  that  this  detail  is  most  often  slighted  by  the  makers. 

QA  It  is  imperative  that  the  diameters  of  the  rings  or  collars  should 
be  the  same  if  the  axis  of  the  bubble  is  to  be  made  parallel  to  the  line 
of  sight  by  the  "  indirect  method."  The  possibility  01  making  the  above 
adjustment  by  the  indirect  method  is  sometimes  given  as  one  of  the 
arguments  for  the  use  of  the  **  wye  *'  level,  and  yet  if  the  diameters 
of  the  rings  differ  by  1-5000  part  oi  an  inch  the  resulting  error  in  a  rod 
reading  300  feet  distant  would  amount  to  about  .01  of  a  loot  even  when 
the  instrument  appeared  to  be  in  perfect  adjustment. 

(c)  The  eye-piece  should  be  inverting,  magnifying  35  diameters, 
and  protected  by  dust  shade. 

2.  Level  vial.  The  level  vial  should  be  carefully  ground  to  a  uni- 
form curvature  of  i-io  inch  equal  to  10  secpnds  of  arc.  The  graduations 
should  be  etched  on  to  the  bubble  tube  itself  and  not  attached  to  a  scale, 
as  is  frequently  done. 

3.  A  clamp  and  slow  motion  should  be  provided  to  the  vertical  axis. 
Tripod  specifications  are  similar  to  those  of  the  transit  with  this  addi- 
tion. The  accuracy  of  any  work  is  in  large  measure  dependent  upon 
the  mental  state  01  the  observer.  If  he  can  observe  in  a  comfortable 
position  in  the  long  run  his  work  will  show  an  increased  accuracy  over 
that  performed  under  uncomfortable  circumstances.  For  this  reason 
it  would  be  well  to  have  the  length  of  the  tripod  le^^  increased  so  that 
the  engineer  could  observe  in  a  nearly  upright  position.  If  a  tripod  be 
provided  like  that  of  the  U.  S.  Coast  and  Geodetic  Survey  precise  level, 
no  imsteadiness  will  result  from  this  increased  length. 


>  See  Eng.  News.  July  a,  1903.  for  an  article  by  J.  F.  Hayford,  on  this  subject,  giving 
the  experience  of  the  U.  S.  Coast  and  Geodetic  Survey. 
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Finish.  The  cloth  finish  shotdd  be  specified  on  telescope  and  level 
vial.  Frequently  it  would  be  convenient  if  instrument-makers  would 
provide  interchangeable  tripods  so  that  both  the  transit  and  level  would 
fit  on  same  tripod. 

Dumpy  Icid.  The  onlv  modifications  in  the  specifications  suggested 
in  the  dumpy  level  would  be  to  decrease  the  magnifying  power  to  30 
diameters  and  the  sensibility  of  the  level  vial  to  -^  inch  ==  1 2  to  1 5  seconds 
cf  arc.  The  eye-piece  should  be  inverting. .  The  small  extra  charge 
for  the  clamp  and  slow  motion  to  the  vertical  axis  is  well  worth  the  cost. 

The  present  tyf)e  of  "  dumpy  "  level  made  in  this  country  would 
be  greatly  improved  by  the  aaoption  of  some  of  the  improvements 
made  on  the  new  U.  S.  Coast  and  Geodetic  Survey  precise  level.  Briefly 
Btated  these  are  as  follows: 

(a)  A  micrometer  for  making  the  final  pointings  of  the  line  of  sight 
after  the  level  is  approximately  level. 

{b)  Inserting  the  more  sen«?itive  level  vial  in  thet  op  of  the  telescope 
and  £is  near  to  the  line  of  sight  as  possible. 

(c)  The  use  of  a  reflector  which  will  allow  a  view  of  the  level  bubble 
at  the  .-jame  time  as  the  rod  reading  is  made. 


APPENDIX  G 

THE    OWNERSHIP    OF    SURVEYS,    AND    WHAT    CONSTI- 

TUTES  A  SURVEY  AND  MAPi 

A  GREAT  difiference  of  opinion  seems  to  exist  among  surveyors  as  to 
how  much  of  the  information  obtained  and  work  done  in  making  a  sur- 
vey should  be  furnished  to  the  individual  for  whom  the  survey  is  made. 
It  is  believed  that  some  surveyors  have  mistaken  notions  as  to  what 
constitutes  a  survey  and  map  and  as  to  the  ownership  of  the  same.  Many 
surveyors  keep  what  are  called  private  notes.  All  men  doing  busine.ss  as 
surveyors  must  keep  notes  of  all  surveys  in  a  convenient  form  for  ready 
reference.  The  extent  to  which  these  notes  are  "private,"  however, 
seems  to  the  writer  not  to  have  been  fully  comprehended  by  all  surveyors, 
and  hence  has  arisen  the  difference  of  opinion  mentioned. 

The  present  article  is  an  attempt  to  present  a  side  of  this  question  that 
has  not,  so  far  as  the  observation  of  the  writer  has  extended,  been  hereto- 
fore fully  considered.  An  endeavor  has  also  been  made  to  point  out  to  the 
young  surveyor  a  line  of  action  which  it  is  believed  he  will  find  to  his 
advantage  to  follow,  as  well  as  to  that  of  the  community  in  which  he 
works. 

In  this  discussion,  the  question  of  what  constitutes  a  survey  arises  at 
once,  and  the  answer  obviously  depends  on  the  object  of  the  survey.  The 
discussion  will  be  confined  to  land  surveys ;  that  is,  surveys  made  for  the 
purpose  of  subdividing  a  large  tract  of  land  into  smaller  parcels  to  be 
sold,  or  surveys  made  for  the  purpose  of  determining  the  boundary  of  a 
tract  the  description  of  which  is  Known,  or  surveys  made  to  determine 
the  description  when  the  boundaries  are  known. 

The  principle  to  be  enunciated  applies  to  any  other  survey  as  well, 
be  it  railroad,  canal,  bridge,  or  topographical  survey.  Indeed,  it  is  well 
understood  in  all  such  surveys,  but  seems  to  be  ignored  by  many  engineers 
having  to  do  with  land  surveys. 

A  survey  is  "the  operation  of  finding  the  contour,  dimensions,  posi- 
tion, or  other  particulars  of  any  part  of  the  earth's  surface,  .  .  tract 
of  land,  etc.,  and  representing  the  same  on  paper.** 

In  making  a  survey  it  is  necessary  to  set  certain  points,  called  monu- 
ments or  comers,  and  to  determine  a  description  of  these  points.  These 
items  therefore  become  a  part  of  the  survey. 

^i^^»^-»^W^^^— ^P^-I^l— ^»  !■■  ■    I  II  I  III  !■  I  ■  i  i  ■     I      -  ^     ■■  -^    _l.  Mill  — ^^^  .^— ^i^ 

>  By  William  G.  Raymond,  C.E.,  Dean  of  Scientific  School,  University  of  Iowa.  The 
original  paper,  of  which  this  is  a  slight  modification,  appeared  in  The  Polytechnic,  the 
student  journal  of  the  Rensselaer  Polytechnic  Institute,  January,  1894. 
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Then  a  map  must  be  drawn.  This  map,  to  be  a  faithful  representation 
of  the  ground  and  the  work  done,  should,  together  with  the  notes,  show 
all  of  tne  items  mentioned. 

The  object  of  establishing  monuments  or  comers  and  describing  them 
is  a  double  one,  viz.:  the  marking  on  the  ground  of  the  boundaries  of 
the  tract,  and  the  securing  of  definite  information  as  to  the  location  of  the 
tract  with  reference  to  other  points  or  tracts,  so  that  from  this  information 
the  land  may  at  a  future  time  be  found. 

The  survey  is  not  complete,  therefore,  till  the  comers  are  fixed,  infor- 
mation that  will  preserve  their  location  obtained,  and  the  same  delineated 
on  a  map  and  its  accompanying  notes. 

The  doing  of  all  this,  then,  constitutes  the  survey.  To  whom  belongs 
the  survey? 

It  would  appear  to  be  evident  that  it  belongs  to  the  individual  who 
pays  to  have  it  made.  It  is  not  readily  seen  in  what  way  the  survey,  or 
any  part  of  it,  becomes  the  sole  property  of  the  surveyor. 

The  surveyor  may  keep  a  copy  of  his  notes  to  facilitate  his  future  work, 
but  he  has  not  the  shadow  of  a  claim  to  a  single  note  the  time  for  taking 
which  has  been  paid  for  by  his  employer. 

If  his  charge  for  his  work  is  on  a  time  basis,  there  can  be  no  question 
as  to  the  correctness  of  the  above  proposition.  If  he  takes  the  work  for  a 
definite  sum  for  the  entire  job,  he  may  take  as  much  time  as  he  likes 
and  as  many  private  notes,  but  he  is  bound  in  honor  to  return  to  his 
employer  the  complete  survey,  and  if  he  does  so,  it  is  not  obvious  that 
the  private  notes  would  thereafter  be  of  great  assistance  to  him  in  secur- 
ing further  work,  particularly  when  it  is  remembered  that  professional 
men  of  repute  do  not  bid  against  each  other  for  professional  work. 

His  reputation  for  accuracy  and  honesty  will  be  far  a  more  potent  fac- 
tor in  securing  employment  than  any  set  of  private  notes  fairly  obtained. 

It  is  true  that  a  great  many  surveyors  hold  a  different  opinion,  and 
purposely  return  their  maps  ana  notes  in  such  condition  that,  while  they 
may  answer  the  purpose  for  which  they  are  primarily  made,  they  do  not 
tell  the  whole  story,  nor  enough  to  make  it  easily  possible  for  another 
surveyor  to  relocate  the  tract  surveyed.  When  this  is  done,  the  person 
ordering  the  survey  does  not  receive  what  he  pays  for.  Something  is 
withheld.  It  seems  to  need  no  argument  to  show  that  this  is  radically 
wrong. 

But  there  is  another  reason  for  condemning  this  practice. 

The  correct  and  permanent  location  of  all  public  land  lines,  as  streets, 
alleys,  etc.,  as  well  as  the  permanent  location  of  party  lines  between 
private  owners,  is  a  matter  of  the  gravest  importance,  and  no  information 
that  will  at  all  serve  to  definitely  fix  such  lines  in  their  correct  positions  for 
all  time  should  be  withheld  from  the  owner  who  pays  for  the  survey,  be 
it  private  citizen,  municipality,  county,  or  State. 

The  records  of  monuments  and  street  lines  made  by  a  city  engineer  are 
no  more  his  private  property  than  are  the  records  m  the  offices  of  the 
clerk,  auditor,  or  treasurer  the  property  of  the  individuals  who  hold  office 
at  the  time  the  records  are  made. 

The  correctness  of  the  position  assumed  has  been  indicated  by  court 
decisions.  A  great  deal  of  laxity  is  shown  in  the  conduct  of  omces  of 
city  engineers  and  county  surveyors. 

The  methods  of  regulating  the  pay  of  these  officers  has  doubtless  had 
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much  to  do  with  this.  It  is  not  uncommonly  the  case  that  the  surveyor 
receives  no  salary,  but  is  allowed  to  collect  certain  specified  fees  for  work 
performed,  and  this  gives  color  to  his  claim  that  his  work  is  private  work 
and  belongs  to  him. 

That  this  is  not  true  concerning  the  public  work  he  does,  is  believed  to 
be  evident  from  what  has  preceded.  That  the  records  of  work  done  for 
private  citizens  are  not  the  property  of  the  public,  needs  no  demonstra- 
tion, but  it  is  true  that  such  work  belongs  to  those  citizens  for  whom  it 
was  done. 

The  writer  believes  that  a  diflFerent  policy  should  be  pursued  with 
regard  to  these  ottices. 

He  believes  that  in  every  case  such  office  should  be  a  salaried  one, 
with  such  salaried  assistants  as  may  be  necessary,  and  that  certain  fees 
should  be  prescribed  for  performing  the  various  kinds  of  work  that  the 
surveyor  may  be  called  upon  to  do  within  the  limits  of  the  territory  of  the 
political  division  whose  servant  he  is.  These  fees  should  cover  all  work 
connected  with  public  construction  or  public  or  private  land  lines,  and 
should  be  returned  to  the  public  treasury. 

Their  amoimt  may  be  regulated  from  time  to  time  so  that  they  shall 
aggregate  a  sum  sufficient  to  pay  the  expenses  of  the  office.  They  should 
of  course,  not  cover  work  of  a  private  character,  not  having  to  do  with 
land  Unes.  But  the  entire  public  is  interested  in  the  permanency  of  land 
lines/  and  all  records  concerning  them  made  by  a  public  official  should 
become  public  property.  The  writer  has  had  in  the  past  some  experience 
in  this  class  of  work,  and  never  declined  to  furnish  a  competitor  with  any 
information  in  his  possession  that  would  help  the  competitor  to  arrive  at 
the  truth  in  surveys  he  might  have  under  way. 

The  writer  believes  that  the  permanency  of  land  lines  is  too  important 
a  matter  to  be  subject  to  avaricious  and  jealous  rivalry,  and  he  believes 
that  all  the  suveyors  in  a  given  district  should  co-operate  to  preserve  in 
their  correct  places  all  lines  within  the  district. 

To  this  end  the  returns  of  every  stirveyor  made  to  the  owner  should  be 
thoroughly  complete.  Maps  macie  for  filing  as  public  records  should  be 
so  finisnea  as  to  enable  any  surveyor  to  relocate  tne  land  without  the  least 
uncertainty  as  to  the  correctness  of  his  work.  That  this  is  done  in  very 
few  instances  is  well  known  to  every  surveyor  who  has  had  occasion  to 
examine  public  records  for  data  for  surveys  he  has  been  called  upon  to 
make. 

Because  of  the  fact  that  in  most  cases  neither  owners  nor  attoneys  have 
been  fully  posted,  nor  could  they  be  exf)ected  to  be,  as  to  what  constitutes 
a  complete  description,  sufficient  for  relocation,  and  because  surveyors 
have  been  willing  to  let  matters  stand  as  they  were,  great  carelessness  has 
arisen  in  the  practice  of  making  and  filing  maps  for  record. 

*  While  in  some  States  good  laws  exist  prescribing  what  shall  appear 
on  a  map  before  it  will  be  received  as  a  public  record,  in  more  States 
there  is  nothing  whatever  to  guide  either  owner,  surveyor,  attorney,  or 
recorder  in  the  matter.  In  the  county  records  in  such  States  anything  that 
is  made  up  of  lines  and  figures,  either  drawn  by  hand,  photo-litnographed. 


>  What  follows  is  a  modification  of  some  notes  on  this  subject  prepared  by  the  writer 
for  the  Technical  Society  of  the  Pacific  Coast. 
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or  simply  printed  with  "rule"  and  type  and  labelled  "This  is  a  map,** 
is  considered  a  sufficient  basis  for  the  correct  description  and  location 
of  the  property  it  purports  to  represent.  The  records  are  full  of  auc- 
tioneer's circulars,  manufactured  in  a  printing-office  from  information, 
coming  from  nobody  knows  where,  filed  at  the  request  of  the  auctioneer's 
clerk,  with  no  name  of  owner  or  other  interested  party  attached,  except 
as  the  name  of  the  auctioneer  appears  in  the  accompanying  advertise- 
ment. Further  than  this,  these  maps  are  frequently  purposely  distorted 
to  create  a  favorable  impression  of  the  property  to  he  sold.  Wide  streets 
are  shown  where  only  narrow  ones  exist,  streets  opened  for  the  full  width 
where  they  have  been  opened  for  but  half  their  width,  rectangular  sub- 
divisions that  really  may  not  be  even  parallelograms,  etc.,  etc.  Such 
maps  as  these  frequently  form  the  only  basis  for  the  description  and  loca- 
tion of  the  property  they  are  supposed  to  represent.  This  circular  busi- 
ness is  bad,  very  bad  for  those  who  buy ;  but  is  the  information  given  by 
these  circulars  much  worse  that  than  furnished  by  many  of  the  maps  made 
by  surveyors  and  filed  at  the  request  of  the  owners? 

On  these  plats,  if  of  "  additions,"  we  find  lines  indicating  the  boundaries 
of  blocks  and  lots,  all  of  which  blocks  and  lots  are  numbered ;  the  names 
of  streets  appear  in  neat  letters;  a  few  dimensions,  possibly  all  linear 
dimensions,  will  be  given;  the  streets  or  blocks  may  be  tinted  with  soft 
and  delicate  tints,  and  the  whole  set  off  with  an  elegant  border  and  title. 

As  an  exhibition  of  the  draughtsman's  skill  these  maps  are  perhaps 
valuable.  As  a  source  of  information  as  to  the  location  of  the  lines  they 
purport  to  show,  they  are  worth  about  as  much  as  the  auctioneer's  circular. 

Perhaps  they  have  a  few  more  figures,  and  the  presumption  may  be  a 
little  stronger  that  the  figures  are  correct. 

Examine  one  of  these  maps  closely.  There  will  be  found  no  evidence 
that  a  monument  has  been  set  in  the  field;  not  an  angle  recorded,  though 
the  lines  may  cross  at  all  sorts  of  angles;  and  dimensions  given  that  do 
not  agree  among  themselves,  so  that  the  angles  cannot  be  calculated. 

There  will  be  found  no  name  signed,  except,  possibly,  that  of  the  sur- 
veyor, who  thus  advertises  either  his  stupidity  or  something  worse. 
Let  us  be  kindly,  and  call  it  stupidity. 

Frequently  no  monuments  are  set  except  small  stakes  at  the  comers 
of  the  blocks;  but  the  fact  that  even  such  stakes  have  been  set  is  not 
recorded  on  the  plat.  \ 

One  who  is  acquainted  with  the  practice  of  surveyors  in  a  given  district 
knows  at  what  points  to  look  for  such  stakes,  and  if  they  have  been  set  and 
not  pulled  out  to  make  room  for  a  fence  post  or  building,  he  may  succeed 
in  finding  them.  Some  surveyors  have  a  practice  of  setting  stakes  a  cer- 
tain distance  away  from  the  point  the  stake  is  supposed  to  mark,  but  no 
mention  of  this  fact  appears  on  the  map.  In  fact  the  map  is  so  drawn 
that  no  one  but  a  surveyor  who  made  it  can  write  a  description  of  any  one 
of  the  parcels  of  land  shown,  nor  correctly  locate  it  on  the  ground.  Fur- 
thermore, the  surveyor  himself  finds  it  impossible,  after  the  lapse  of  a  few 
years  and  the  destruction  of  his  "  private  marks,"  to  rerun  any  one  of  the 
lines  exactly  as  originally  laid  out. 

It  is  easy  to  see  to  what  this  leads:  impossible  descriptions  of  prop>erty, 
giving  opportunity  for  differences  in  judgment  as  to  interpretation  of 
what  was  intended;  disputes  as  to  position  of  party  lines;  costly  litiga- 
tion and  expensive  movement  of  structures  begim  or  completed,  and  the 
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actual  shifting  of  lines  back  and  forth  by  different  surveyors,  or  even  the 
same  surveyor,  honestly  trying  to  locate  the  lines  properly. 

The  writer  has  seen  enough  of  trouble  of  this  sort  to  indicate  to  him 
that  a  radical  change  is  neeoed  in  the  field  work  and  mapping  of  cities, 
towns,  and  additions,  not  to  mention  farms  and  other  tracts  of  land  that 
that  it  may  be  necessary  to  lay  out  and  describe. 

So  long  as  fallible  man  is  resf)onsible  for  the  accuracy  of  surveys,  maps, 
and  descnptions  of  properties,  so  long  will  there  be  errors;  but  that  it  is 
possible  to  greatly  reduce  their  number  by  proper  regidation,  the  writer  is 
fully  persuaded.  What  we  have  been  describmg  are  not  maps  at  all,  or 
at  most  they  are  very  imperfect  maps,  and  "What  constitutes  a  map" 
thus  seems  to  be  a  very  pertinent  question. 

A  map  of  a  city,  town,  or  addition,  or  other  tract  of  land,  serving  as  a 
bsisis  for  the  description  of  property,  should  furnish  all  the  information 
necessary  to  the  proper  description  and  location  of  the  various  parcels 
shown,  and  also  of  tne  whole  piece.  It  should  further  show  the  exact 
location  of  the  whole  tract  to  the  lands  immediately  adjoining;  particu- 
larly should  this  be  done  when  an  offset  or  angle  in  a  street  line  occurs. 
To  accomplish  these  things  there  should  appear  on  the  map  the  following 
items : 

1 .  The  lengths  of  all  lines  shown. 

2.  The  exact  angle  made  by  all  intersecting  lines. 

3.  The  exact  position  and  character  of  all  monuments  set,  with  notes 
of  reference  points. 

4.  The  number  of  each  block  and  lot. 

5.  The  names  of  all  streets,  streams  or  bodies  of  water,  and  recognized 
landfmarks. 

6.  The  scale. 

7.  The  direction  of  the  meridian,  and  a  note  as  to  whether  the  true  or 
magnetic  meridian  is  shown — it  should  be  the  true  meridian. 

8.  The  angles  of  intersection  made  by  the  lines  of  adjoining  property 
with  the  boundaries  of  the  tract  mapped. 

9.  The  exact  amount  of  offset  in  Imes  that  may  extend  from  the  out- 
side through  the  tract  mapped. 

10.  A  simple,  complete,  and  explicit  title,  including  the  date  and  the 
name  of  the  surveyor. 

Thus  much  to  make  the  map  valuable  for  description  and  location  of 
the  prop>erty  it  represents. 

Of  course  monuments  will  not  be  shown  if  none  have  been  set,  and  very 
frequently  none  are  set,  either  from  carelessness  on  the  part  of  the  sur- 
veyor, or  an  unwillingness  on  the  part  of  the  owner  to  pay  their  cost. 
Monuments  of  a  permanent  character  should  be  set  at  each  comer  of  a 
tract  surveyed,  and  at  least  two,  visible  the  one  from  the  other,  on  the  line 
of  each  street.  If  these  monuments  are  not  placed  on  the  centre  lines 
of  the  streets,  they  should  be  placed  at  uniform  distances  from  the 
centre  or  property  lines.  If  placed  with  reference  to  the  centre  line, 
they  should  all  be  placed  on  the  same  side  of  the  centre.  In  streets 
extending  east  and  west  the  monuments  should  all  be  on  the  north  of  the 
centre,  or  they  should  all  be  on  tlie  south,  and  at  uniform  distance.  In 
streets  extending  north  and  south  the  monuments  should  all  be  on  the 
east  of  the  centre,  or  all  on  the  west. 

Uniformity  in  such  practice  saves  a  vast  amount  of  time. 
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Monuments  may  be  set  at  tiniform  distances  from  the  block  lines, 
in  the  sidewalk  area,  and  this  is  an  excellent  practice. 

The  stakes  or  monuments  set  at  the  comers  of  the  blocks  in  additions, 
or  town  sites,  should  never  be  the  only  stakes  or  monuments  set  in  the 
tract. 

That  the  map  may  be  reliable  there  should  appear  on  it  the  following: 

1.  The  certificate  of  the  surveyor  that  he  has  carefully  surveyed  the 
land,  that  the  map  is  a  correct  representation  of  the  tract«  and  that  he 
has  set  monuments  (to  be  described)  at  the  points  indicated  on  the  map. 

2.  The  acknowledged  signature  of  all  persons  possessing  title  to  any  of 
the  land  shown  in  the  tract,  and,  if  possible,  those  of  adjoining  owners. 

7.  If  of  an  addition,  the  acknowledged  dedication  to  public  use  forever 
of  all  areas  shown  as  streets  or  roads. 

4.  If  a  street  of  full  width,  whose  centre  line  is  a  boimdary  of  the  tract, 
is  shown,  the  acknowledged  signature  of  the  owner  of  the  adjoining 
property,  unless  his  half  of  the  street  has  been  previously  dedicatea. 

It  has  been  already  stated  that,  in  some  States,  a  map  be  may  hied 
at  the  request  of  any  person,  and  without  signature. 

This  practice  frequently  leads  to  trouble.  The  writer  knows  of  cases 
in  which  owners  of  large  tracts  of  land  have  had  those  tracts  subdivided 
and  have  taken  land  o?  adjoining  non-resident  owners  for  street  purposes 
without  the  consent  or  knowledge  of  those  owners.  When  at  a  later  day 
the  owners  of  the  land  so  taken  have  objected  and  attempted  to  close 
half  of  the  street,  trouble  of  a  serious  character  has  arisen.  The  same 
trouble  has  occurred  where  streets  have  been  run  through  narrow  gores 
of  land  and  have  subsequently  been  completely  closed,  leaving  houses 
built  on  the  mapped  property  without  outlet.  Time  and  again  have 
» cases  of  this  sort  come  to  the  knowledge  of  the  writer. 

Having  pointed  out  certain  evils,  it  remains  to  suggest  a  remedy. 

It  lies  in  the  enactment  of  a  law  in  each  State  governing  these  matters. 

There  should  appear  on  the  statutes  of  every  State  a  law  explicitly 
defining  what  shall  appear  on  eve.y  map  filed  for  reference,  and  making 
it  a  misdemeanor  to  nle  a  map  that  does  not  strictly  conform  to  the 
definition. 

In  the  absence  of  such  laws  it  is  believed  that  the  5roung  surveyor  can 
assist  greatly  in  a  much-needed  reform,  by  following  the  principles 
suggested  in  this  paper  as  the  correct  ones,  and  avoiding  the  errors  here 
indicated. 

It  is  hoped  that  those  graduates  of  our  engineering  schools  who  drift 
into  this  class  of  work  will  be  guided  by  a  higher  principle  than  that  which 
actuates  the  surveyor  who  covers  up  his  tracks,  at  the  expense  of  his 
employer,  in  order  to  secure  a  monopoly  of  the  business  of  his  locality. 

The  young  surveyor  can  spend  his  energies  to  greater  advantage  in 
devising  new  and  better  methods  of  work  than  in  inventing  ways  for  hiding 
information  that  it  has  been  endeavored  to  show  belongs  to  his  employer. 

Certainly  a  thorough  education  should  so  broaden  the  yoimg  man's 
views  as  to  make  it  impossible  for  him  to  be  controlled  by  those  meaner 
instincts  which,  indulged,  lead  ever  to  narrow  his  vision  and  prevent  him 
from  perceiving  the  greater  problems  that  continually  present  them- 
selves for  solution. 


APPENDIX  H 

INSTRUCTIONS  RELATIVE  TO  MAKING  AND  FILING  OF 
TOWN.  CITY,  AND  VILLAGE  PLATS  IN  THE  STATE  OF 
MICHIGAN. 

Auditor-General's  Office,  1 

Lansing,  Mich., 191 . .  / 

By  act  No.  309,  Laws  of  1887,  important  amendments  have  again 
been  made  to  Sections  i  and  2  of  Chapter  32  of  Howell's  Annotated 
Statutes  in  regard  to  the  recording  of  town  plats  and  the  vacating  of  the 
same.  These  amendments  took  effect  September  28,  188^,  and  all  plats 
made  on  or  after  that  date  must  be  in  conformity  therewith. 

1.  In  making  the  survey  it  is  required  that  *' permanent  monuments 
shall  be  located  m  the  ground  at  all  angles  in  the  boundaries  of  the  land 
platted,  and  at  all  the  intersections  of  streets  or  streets  and  alleys,  as  shown 
on  the  map  or  plat,  and  when  there  are  permanent  objects  in  the  vicinity 
of  such  monuments  the  bearings  and  distances  of  such  objects  shall  be 
noted.  The  character  of  the  monuments  and  the  bearings  and  distances 
of  such  witness  'points  or  objects  shall  be  distinctly  given  in  the  most 
convenient  manner  on  the  plat."  The  exact  position  of  the  monuments 
should  by  indicated  on  the  plat  be  a  small  circle  or  cross. 

2.  If  the  plat  be  of  a  town,  city  or  village,  the  ftdl  name  of  such  town, 
city  or  village  must  appear  as  the  title  or  name  of  the  plat;  if  the  land 
platted  be  an  addition  to  or  a  subdivision  of  a  town,  city  or  village  already 
platted,  then  let  the  title  of  the  plat  include,  with  the  name  of  such  addi- 
tion or  subdivision,  the  name  of  the  town,  city  or  village,  as  the  case  may 
be,  of  which  such  platted  land  is  a  subdivision,  or  to  which  it  is  an  addition. 

3.  The  plat  must  be  on  a  scale  showing  not  more  than  two  himdred 
feet  to  an  inch,  and  on  good  muslin-backed  paper,  18  X24  inches  in  size; 
all  certificates  must  be  written  or  printed  on  the  paper  on  which  the  plat 
is  made,  and  on  the  same  side  of  the  sheet. 

4.  The  sections  and  parts  of  sections  platted  must  be  desi^ated  by 
lines  with  appropriate  letters  and  figures.  In  case  of  a  subdivision  of  lots 
or  blocks  ot  a  previous  survey,  the  outlines  of  the  original  or  previous 
lots  or  blocks  so  subdivided  must  be  designated  by  lines  which  must  be 
marked  with  appropriate  letters  and  figures.  This  must  be  done  in  such 
a  manner  as  to  show,  without  reference  to  the  written  description,  the 
starting  point  and  the  course  and  length  of  each  of  the  outlines.  Where 
any  of  the  outlines  are  identical  and  coterminous  with  the  lines  of  a  previ- 
ous survey  or  plat,  it  will  be  sufTicient  to  give  the  destination  01  such 
outlines  as  given  in  such  previous  survey  or  plat. 

5.  The  land  platted  is  to  be  fully  described  in  ufriting  or  printing  upon 
the  paper  oa  which  the  plat  is  drawn.     This  description  must  be  so  com- 
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plete  that  from  it,  without  reference  to  the  plat,  the  starting  point  can  be 
determined  and  the  outlines  run.  In  connection  with  the  description 
shotdd  be  a  short  and  simple  form  of  dedication,  which  must  be  signed  by 
the  proprietors  and  their  wives,  whose  signatures  must  be  witnes^d,  and 
whose  execution  of  the  dedication  must  be  acknowledged  as  deeds  con- 
veying land  are  required  to  be  witnessed  and  acknowleaged. 

6.  There  must  be  drawn  upon  the  plat  a  plain  designation  of  the  car- 
dinal points  and  a  correct  scale. 

7.  Where  all  the  lots  in  any  block  are  of  the  same  dimensions,  it  shall 
be  sufficient  to  mark  the  precise  length  and  width  upon  one  tier  thereof, 
but  all  gores,  triangles,  or  other  lots,  which  are  not  either  squares  or  par- 
allelograms, shall  have  the  length  of  their  sides  plainly  defined  by  figures. 

8.  The  streets  must  be  named  or  numbered  and  their  course  and  width 
designated.     All  public  grounds  and  alleys  must  be  properly  designated. 

9.  The  surveyor  must  certify  that  the  plat  is  a  correct  one  and  that  the 
monuments  described  in  it  have  been  planted  as  therein  described. 

10.  Detached  parcels  cannot  be  included  in  one  plat,  nor  can  more 
than  one  plat  be  made  on  one  sheet.  Contiguous  parcels  owned  by 
different  parties  may  be  embraced  in  one  plat,  aU  joining  in  the  execution 
and  acknowledgment;  it  is  not  necessary  to  specify  the  particular 
parcels  belonging  to  each. 

11.  Before  a  plat  shall  be  recorded,  and  before  any  copies  are  made 
therefrom,  the  ** original"  must  be  forwarded  to  the  Auditor-Gcmeral 
for  his  approval;  if  found,  in  his  opinion,  to  conform  to  law,  it  will  be 
endorsed  as  approved  and  returned  to  the  person  sending  it. 

12.  For  the  purpose  of  recording;,  an  exact  copy  is  to  be  made  from  the 
original  ^ter  it  has  been  approved  by  the  Auditor-General,  which  copy 
must  have  copied  upon  it  tne  Auditor-General's  endorsement  of  approval 
and  then  be  certified  as  follows: 

State  of  Michigan,         \ 

County  of j  ^'  We Register 

of    Deeds,     and Surveyor,    hereby    certify    that 

we  have  each  carefully  compared  this  copy  with  the  original    plat  of 

and  that  it  is  an  exact  copy  thereof  and  of 

[Title  of  plat.J 
the  whole  of  such  original  map  or  plat. 

Register  of  Deeds. 

Surveyor. 

13.  The  **  copy"  so  certified  is  to  be  delivered  to  the  Register  of  Deeds 
and  filed  as  the  record,  and  must  have  the  proper  endorsement  of  record 
made  upon  it.  No  ■'  copy'*  can  be  received  for  record  tmless  the  Auditor- 
GeneraTs  certificate  of  approval  is  copied  thereon.  The  transcript  from 
the  record  that  is  to  be  filed  in  the  office  of  the  Auditor-General  should 
have  copied  upon  it  the  above  certificate  of  comparison  of  the  *'  copy"  with 
the  original,  the  approval  of  the  Auditor-General,  and  the  certificate  of  the 
Register  of  Deeds  as  to  the  time,  volume  and  page  of  the  record.  The  fol- 
lowing certificate  of  comparison  with  the  record  must  then  be  made  upon 
the  transcript,  which  should  at  once  be  filed  with  the  Auditor-General: 


ss. 


State  of  Michigan,  \ 

County  of f"^'  We Register 

of  Deeds,  and Surveyor,  hereby  certify  that 
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we  have  each  carefully  compared  the  annexed  copy  with  the  plat  of 

now  of  record  in  the  oflSce  of  said  Register 

(Title  of  plat.] 
of  Deeds,  and  that  it  is  true  transcript  therefrom  and  of  the  whole  of  such 
record.  » 

Register  of  Deeds. 

Surveyor. 

14.  The  Register  of  Deeds  is  entitled  to  a  fee  of  $2  for  each  plat 
recorded  by  him,  and  each  plat  filed  with  the  Auditor-General  must  be 
accompanied  by  the  legal  fee  of  $1  for  the  benefit  of  the  State. 

15.  The  foregoing  is  not  intended  to  be  a  perfect  manual  containing  all 
that  IS  embodied  in  the  law,  but  to  call  attention  to  points  in  which  plats 
are  most  likely  to  be  defective. 

16.  Every  plat  sent  to  the  Auditor-General,  either  for  approval  or  for 
filing  in  his  office,  should  be  accompanied  by  the  name  and  postoffice 
address  of  the  person  sending  it,  to  insure  proper  returm. 

17.  The  law  of  1887  is  appended  for  convenient  reference;  it  should  be 
carefully  studied  and  all  its  requirements  observed,  (Omitted  in  this 
Appendix.) 

18.  Observe  the  requirements  of  Section  135,  General  Tax  Law  of 
1893,  which  is  hereto  appended. 

19.  The  following  resolutions  were  adopted  by  the  Michigan  Engineer- 
ing Society  at  their  annual  meeting  held  at  Ann  Arbor  in  January,  1886, 
which  are  worthy  of  attention  as  expressing  the  views  of  an  association 
composed  of  the  most  intelligent  and  competent  surveyors  of  the  State: 
Firsts  That  the  written  description  of  the  land  platted  should  be  clear  and 
distinct,  describing  it  in  as  brief  a  manner  as  is  consistent  with  accuracy, 
so  that  there  shall  be  no  misunderstanding  as  to  what  land  the  plat  is 
intended  to  cover;  that  the  outlines  of  the  plat  itself  shall  be  marked  with 
appropriate  letters  and  figures  corresponding  with  the  written  description 
indicating  the  courses  and  length  of  those  lines;  that  if  any  lots  lying 
within  the  outlines  of  the  plat  are  not  intended  to  be  considered  a  part  of 
the  plat  they  should  not  be  numbered  or  lettered,  and  the  fact  that  they 
are  excepted  be  noted  in  the  written  description.  The  courses  and  length 
of  the  Imes  of  such  lots  should  be  marked  on  the  plat  by  appropriate 
letters  and  figures,  and  the  lots  themselves  marked  on  the  plat  as  excepted. 
Second^  Use  a  short  and  simple  form  of  acknowledgment.  .  .  .  Third, 
Use  but  one  unit  of  measurement  in  the  plat.  Make  a  diagram  on  the  plat 
of  the  scale  vised,  with  appropriate  letters  to  show  what  the  scale  is. 
Fourth,  The  four  cardinal  points  be  indicated  in  a  simple  manner  by  an 
arrow  or  fleur  de  lis,  with  appropriate  letters.  This  we  understand  to  be 
intended  merely  to  indicate  in  a  general  way  the  points  of  compass  on  the 
map.  Whenever  practicable,  give  the  courses  in  the  written  description 
ana  on  the  plat  from  the  true  meridian,  and  also,  when  practicable,  that 
the  angle  of  intersecting  lines  be  given  on  the  plat.  Fifth,  That  we  esteem 
it  of  the  first  importance  that  permanent  monuments  be  located  in  the 
ground  at  all  important  points  in  the  plats,  and  that  the  character  and 
location  of  such  monuments,  by  their  bearing  trees  or  points,  be  distinctly 
given  on  the  plat. 
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FORMS  OF  DEDICATION,  DESCRIPTION,  AND  SURVEYOR'S 

CERTIFICATE. 

Auditor-General's  Office,  1 

Lansing,  Mich., 189 . .    j 

In  response  to  frequent  requests  for  forms  of  Dedication,  Description 
and  Surveyor's  Certilicate  to  be  observed  in  making  plats,  the  following 
have  been  prepared;  while  they  are  short  and  simple,  it  is  believed  they 
meet  the  requirements  of  law. 

Stanley  W.  Turner,  Auditor-General. 


(The  Attorney-General  advises  that  if  the  proprietor  is  a  widower  or  bachelor  the 
fact  should  be  stated  in  the  dedication  to  account  for  the  absence  of  the  signature  of  the 
wife.) 

DEDICATION. 

Know  all  men  by  these  presents.  That  we as 

proprietor,  and his  wife,  have  caused  the  land 

embraced  in  the  annexed  plat  to  be  surveyed,  laid  out  and  platted,  to  be 

known  as and  that  the  streets  and  alleys  as  shown 

(Insert  title  of  Plat.) 
on  said  plat  are  herebjr  dedicated  to  the  use  of  the  public. 
Signed  and  scaled  in  presence  of  ] 

[L   s] 


I 


State  of  Michigan,  1 

County  of /      '  On  this day  of ....  189 .  . 

before  me,  a  Notary  Public  in  and  for  said  county,  personally  came  the 

above  named *. .  . .  and 

his  wife,  known  to  me  to  be  the  persons  who  executed  the  above  dedica- 
tion and  acknowledged  the  same  to  be  their  free  act  and  deed. 

Notary  Public Co.,  Mich. 


description  of  land  platted. 
The  land  embraced  in  the  annexed  plat  of , 


is  described  as  follows 


surveyor's  certificate. 

I  hereby  certify  that  the  plat  hereon  delineated  is  a  correct  one  and 
that  permanent  monuments,  consisting  of 

(Describe  the  monuments.) 

have    been    planted    at    points    marked    thus as    thereon 

(Using  some  symbol  such  as  a  small  circle  (O),  or  a  (X),  or  letters,  or  numerals,  to  indicate 

the  exact  location.) 

shown  at  all  angles  in  the  boundaries  of  the  land  platted,  and  at  all 
intersections  of  streets  and  alleys. 

Surveyor. 


APPENDIX   I 

RESTORATlOxN    OF    LOST    OR     OBLITERATED    CORNERS 

AND  SUBDIVLSIONS  OF   SECTIONS 

(Circular  issued  by  the  General  Land  Office  of  the  Department  of  the  Interior^ 

October   i6,    i8q6.) 

The  increasing  number  of  letters  from  county  and  local  surveyors 
received  at  this  olHce  making  in<iuiry  as  to  the  proper  method  of  restoring 
to  their  original  position  lost  or  obliterated  comers  marking  the  survey 
of  the  public  lands  of  the  United  States,  or  such  as  have  been  wilfully 
or  accidentally  moved  from  their  original  position,  have  rendered  the 
preparation  of  the  following  general  rules  necessary,  particvdarly  as  in 
a  very  large  number  of  cases  the  immediate  facts  necessary  to  a  thorough 
and  mtelligent  understanding  are  omitted.  Moreover,  surveys  having 
been  made  under  the  authority  of  different  acts  of  Congress,  different 
results  have  been  obtained,  and  no  special  law  has  been  enacted  by  that 
authority  covering  and  regulating  the  subject  of  the  above-named 
inquiries.  Hence,  the  general  rule  here  given  must  be  considered  merely 
as  an  expression  of  the  opinion  of  this  office  on  the  subject,  based,  how- 
ever, upon  the  spirit  of  the  several  acts  of  Congress  authorizing  the  sur- 
veys, as  construed  by  this  office,  and  by  United  States  court  decisions. 
When  cases  arise  which  are  not  covered  by  these  rules,  and  the  advice  of 
this  office  is  desired,  the  letter  of  inciuiry  should  always  contain  a  descrip- 
tion of  the  particular  comer,  with  reference  to  the  township,  range,  and 
section  of  tne  public  surveys,  to  enable  this  office  to  consult  the  record. 

An  obliterated  comer  is  one  where  no  visible  evidence  remains  of  the 
work  of  the  original  surveyor  in  establishing  it.  Its  location  may,  how- 
ever, have  been  preserved  beyond  all  cjuestion  by  acts  of  landowners,  and 
by  the  memory  of  those  who  knew  and  recollect  the  true  situs  of  the 
original  monument.     In  such  cases  it  is  not  a  lost  comer. 

A  lost  comer  is  one  whose  position  cannot  be  determined,  beyond 
reasonable  doubt,  either  from  original  marks  or  reliable  external  evidence. 

Surveyors  sometimes  err  in  their  decision  whether  a  comer  is  to  be 
treated  as  lost  or  only  obliterated. 

Surveyors  who  have  been  United  States  deputies  should  bear  in  mind 
that  in  their  private  capacity  they  must  act  under  somewhat  different 
rules  of  law  from  those  governing  original  surveys,  and  should  carefully 
distinguish  between  the  provisions  of  the  statute  which  guide  a  Govern- 
ment deputy  and  those  which  apply  to  retracement  of  lines  once  sur- 
veyed. The  failure  to  observe  this  distinction  has  been  prolific  of 
erroneous  work  and  injvistice  to  landowners. 
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To  restore  extinct  boundaries  of  the  public  lands  correctly,  the  sur- 
veyor must  have  some  knowledge  of  the  manner  in  which  townships  were 
subdivided  by  the  several  methods  authorized  by  Congress.  Without 
this  knowledge  he  may  be  greatly  embarrassed  in  the  field,  and  is  liable 
to  make  mistakes  invalidating  his  work,  and  leading  eventually  to  serious 
litigation.  It  is  believed  that  the  following  synopsis  of  the  several  acts 
of  Congress  regulating  the  surveys  of  the  public  lands  will  be  of  service 
to  coimty  surveyors  and  others,  and  will  help  to  explain  many  of  the 
difficulties  encoimtered  by  them  in  the  settlement  of  such  questions. 

Compliance  with  the  provisions  of  Congressional  legislation  at  dif- 
ferent periods  has  resulted  in  two  sets  of  corners  being  established  on 
townshtf)  lines  at  one  time;  at  other  times  three  sets  of  comers  have  been 
establisned  on  range  lines;  while  the  sjrstem  now  in  operation  makes  but 
one  set  of  comers  on  township  boundaries,  except  on  standard  lines — ^i.e., 
base  and  correction  lines,  and  in  some  exceptional  cases. 

The  following  brief  explanation  of  the  modes  which  have  been  prac- 
ticed will  be  of  service  to  all  who  may  be  called  upon  to  restore  oblit- 
erated boundaries  of  the  public  land  surveys : 

Where  two  sets  of  comers  were  established  on  township  boundaries, 
one  set  was  planted  at  the  time  the  exteriors  were  run,  those  on  the 
north  boundary  belonging  to  the  sections  and  quarter  sections  north  of 
said  line,  and  those  on  the  west  boundary  belonging  to  the  sections  and 
quarter  sections  west  of  that  line.  The  other  set  of  corners  was  estab- 
lished when  the  township  was  subdivided.  This  method,  as  stated, 
resulted  in  the  establishment  of  two  sets  of  comers  on  all  four  sides  of  the 
townships. 

Where  three  sets  of  comers  were  established  on  the  range  lines,  the 
subdivisional  surveys  were  made  in  the  above  manner,  except  that  the 
east  and  west  section  lines,  instead  of  being  closed  upon  the  comers 
previously  established  on  the  east  boundary  of  the  township,  were  run 
due  east  from  the  last  interior  section  comer,  and  new  corners  were 
erected  at  the  points  of  intersection  with  the  range  line. 

The  method  now  in  practice  requires  section  lines  to  be  initiated  from 
the  comers  on  the  south  boundary  of  the  township,  and  to  close  on 
existing  comers  on  the  east,  north,  and  west  boundaries  of  the  township, 
except  when  the  north  boundary  is  a  base  line  or  standard  parallel. 

But  in  some  cases,  for  special  reasons,  an  opposite  course  of  procedure 
has  been  followed,  and  subdivisional  work  has  been  begun  on  the  north 
boundary  and  has  been  extended  southward  and  eastward  or  southward 
and  westward. 

In  the  more  recent  general  instructions,  greater  care  has  been  exer- 
cised to  secure  rectangular  subdivisions  by  fixing  a  strict  limitation  that 
no  new  township  extenors  or  section  lines  shall  depart  from  a  true  merid- 
ian or  east  and  west  line  more  than  twenty-one  minutes  of  arc;  and 
that  where  a  random  line  is  found  liable  to  correction  beyond  this  limit, 
a  true  line  on  a  cardinal  course  must  be  run,  setting  a  closing  comer  on 
the  line  to  which  it  closes. 

This  produces,  in  new  surveys  closing;  to  irregular  old  work,  a  great 
number  of  exteriors  marked  by  a  double  set  of  comers.  All  retracing 
surveyors  should  proceed  under  these  new  conditions  with  full  knowl- 
edge of  the  field  notes  and  exceptional  methods  of  subdivision. 
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SYNOPSIS    OP    ACTS    OP    CONGRESS. 

The  first  enactment  in  regard  to  the  surveying  of  the  public  lands 
was  an  ordinance  passed  by  the  Congress  of  the  Confed-  Ordinance  of 
eration  May  20,  1785,  prescribing  the  mode  for  the  the  Congress  of 
survey  of  the  "  Western  Territory,"  and  which  p.o-  the  Contcdcra- 
vided  that  said  territory  should  be  divided  into  *'town-  {^^'S's  if  "i 
ships  of  six  miles  square,  by  lines  running  due  north  and  Land  Laws,  p! 
south,  and  others  crossing  them  at  right  angles"  as  near  349.  Edition 
as  might  be.  '*'*• 

It  further  provided  that  the  first  line  running  north  and  south  should 
begin  on  the  Ohio  River,  at  a  point  due  north  from  the  western  terminus 
of  a  line  run  as  the  south  boundary  of  the  State  of  Pennsylvania,  and  the 
first  line  running  east  and  west  should  begin  at  the  same  point  and 
extend  through  the  whole  territory.  In  these  initial  surveys  only  the 
exterior  lines  of  the  townships  were  surveyed,  but  the  plats  were  marked 
by  subdivisions  into  sections  i  mile  square,  numbered  from  i  to  36,  com- 
mencing with  No.  I  in  the  southeast  comer  of  the  township,  and  run- 
ning from  south  to  north  in  each  tier  to  No.  36  in  the  northwest  comer 
of  the  township;  mile  comers  were  established  on  the  township  lines. 
The  region  embraced  by  the  surveys  under  this  law  forms  a  part  of 
the  present  State  of  Ohio,  and  is  generally  known  as  **  the  Seven 
Ranees.** 

The  Federal  Congress  passed  a  law,  approved  May  18,  1796,  in  regard 
to  surveying  the  public  domain,  which  applied  to  "  the  ter- 
ritory northwest  of  the  River  Ohio,  and  above  the  mouth       Act  of  Majr 
of  the  Kentucky  River."  SutJu^*      at 

Section  2  of  said  act  provided  for  dividing  such  lands  as  Large,  vol.  i.  p. 
had  not  been  already  surveyed  or  disposed  of  *'by  north  465.  Section 
and  south  lines  run  accordm^  to  the  true  meridian,  and  Jf^statiit^ 
by  others  crossing  them  at  nght  angles,  so  as  to  form 
townships  of  6  miles  square,**  etc.  It  also  provided  that  *' one-half  of 
said  townships,  taking  them  alternately,  should  be  subdivided  into 
sections  containing,  as  nearly  as  may  be,  640  acres  each,  by  running 
throvigh  the  same  each  way  parallel  lines  at  the  end  of  every  two  miles: 
and  by  making  a  comer  on  each  of  said  lines  at  the  end  of  every  mile." 
The  act  also  provided  that  "the  sections  shall  be  numbered,  respectively, 
beginning  with  the  number  one  in  the  northeast  section,  and  proceeding 
west  and  east  alternately  through  the  townhsip,  with  progressive  numbers 
till  the  thirty-sixth  be  completed.**  This  method  of  numbering  sec- 
tions is  still  in  use. 

An  act  amendatory  of  the  foregoing,  approved  May  10,  1800,  required 
the  "townships  west  of  the  Muskingum,  which  are  directed  to  be  sold 
in  quarter  townships,  to  be  subdivided  into  half  sections  ^ct  of  May 
of  320  acres  each,  as  nearly  as  may  be,  by  running  par-  10.  1800,  U.  S. 
allel  lines  through  the  same  from  east  to  west,  and  from  Statutes  a  t 
south  to  north,  at  the  distance  of  one  mile  from  each  73.*^**' ^Section 
other,  and  marking  comers,  at  the  distance  of  each  half  2305.  U.  s.  Re- 
mile  on  the  lines  running  from  east  to  west,  and  at  the  v*^®*^  Sututes. 
distance  of  each  mile  on  those  running  from  south  to  north.     And  the 
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interior  lines  of  townships  intersected  by  the  Muskingum,  and  of  all 
townships  lying  east  of  that  river,  which  have  not  been  heretofore  actually 
subdivided  into  sections,  shall  also  be  run  and  marked  .  .  .  And 
in  all  tases  where  the  exterior  lines  of  the  townships  thus  to  be  sub- 
divided into  sections  or  half  sections  shall  exceed  or  shall  not  extend 
six  miles,  the  excess  of  deficiency  shall  be  specially  noted,  and  added 
to  or  deducted  from  the  western  or  northern  ranges  of  sections  or  half 
sections  in  such  townships,  according  as  the  error  may  be  in  running  the 
lines  from  east  to  west  or  from  south  to  north."  Said  act  also  provided 
that  the  northern  and  western  tiers  of  sections  should  be  sola  as  con- 
taining only  the  (quantity  expressed  on  the  plats,  and  all  others  as  con- 

Actofjunei.    taining  the  complete  legal  quantity 
1796.      U.   S.  The  act  approved  June  i,  1796,     regulatmg  the  grants 

Sututes       a  t   of  land  appropriated  for  military  services,"  etc.,  provided  for 
Ujrge,  vol.  I.  p.   dividing  the  *'  United  States  Military  Tract,"  in  the  State  of 
Ohio,  into  townships  5  miles  square,  each  to  be  subdivided 
into  quarter  townships  containing  4,000  acres. 

Section  6  of  the  act  approved  March  i,  1800,  amendatory  of  the  fore- 
going  act,  enacted  that  the  Secretary  of  the  Treasury  was 
1  1800  US  authorized  to  subdivide  the  quarter  townships  into  lots  of 
s'tatut«j  at  100  acres,  bounded  as  nearly  as  practicable  by  parallel  lines 
Large,  vol.  a,  p.  160  perches  in  length  by  100  perches  in  width.  These  sub- 
*^-  divisions  into  lots,  however,  were  made  up)on  the  plats  in  the 

office  of  the  Secfetary  of  the  Treasury,  and  the  actual  survey  was  only 
made  at  a  subsequent  time  when  a  sufficient  number  of  such  lots  had 
been  located  to  warrant  the  survey.  It  thus  happened,  in  some  instances, 
that  when  the  survey  came  to  be  made  the  plat  and  survey  could  not  be 
made  to  agree,  and  that  fractional  lots  on  plats  were  entirely  crowded 
out.  A  knowledge  of  this  fact  may  explain  some  of  the  difficulties  met 
with  in  the  district  thus  subdi\  idea. 

The  act  of  Congress  approved  February  11,  1805,  directs  the  subdivi- 
sion of  the  public  lands  into  quarter  sections,  and  provides 
Act  of  Feb.  that  all  comers  marked  in  the  field  shall  be  established  as 
Statues'  at  ^^^  proper  comers  of  the  sections  or  quarter  sections  which 
Large,  vol.  2,  p.  they  were  intended  to  designate,  a^d  that  comers  of  hall 
313-  j,^^}9^  ana  quarter  sections  not  marked  shall  be  placed  as  nearly  as 
vt^  Statutes^  Possible  **ec]uidistant  from  those  two  comers  which  stand 
on  the  same  line."  This  act  further  provides  that  **the 
boundary  lines  actually  run  and  marked"  (in  the  field)  "shall  be  estab- 
lished as  the  proper  boundary  lines  of  the  sections,  or  subdivisions,  for 
which  they  were  intended,  and  the  length  of  such  lines  as  returned  by 
either  of  the  surveyors  aforesaid  shall  be  held  and  considered  as  the  true 
length  thereof.  And  the  boundary  lines  which  shall  not  have  been 
actually  run  and  marked  as  aforesaid  shall  be  ascertained  by  running 
straight  lines  from  the  established  comers  to  the  opposite  correspond- 
ing comers,  but  in  those  portions  of  the  fractional  townships  where  no 
such  opposite  or  corresponding  comers  have  been  or  can  be  fixed,  the  said 
boundary  lines  shall  be  ascertained  by  running  from  the  established 
comers  due  north  and  south,  or  east  and  west  lines,  as  the  case  may  be. 
to  the  watercourse,  Indian  bovmdary  line,  or  other  external  boundary 
of  such  fractional  township." 
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The  act  of  Congress  approved  April  24,  1820,  provides  for  the  sale  of 
public  lands  in  halt-quarter  sections,  and  requires  that  "in 
every  case  of  the  division  of  a  quarter  section  the  line  for  Act  of  April 
the  division  thereof  shall  run  north  and  south,"  "and  frac-  ItatuuS  ^a^t 
tional  sections,  containing  160  acres  and  upwards,  shall  in  Large,  vol.  3,  p. 
like  manner,  as  nearly  as  practicable,  be  subdivided  into  half-  566.  Section 
quarter  sections,  under  such  rules  and  regulations  as  may  be  JJ^*  sufy^" 
prescribed  by  the  Secretary  of  the  Treasury;  but  frac- 
tional sections  containing  less  than  160  acres  shall  not  be  divided." 

The  act  of  Congress  approved  May  24,  1824,  provides  "that  whenever 
in  the  opinion  of  the  rresident  of  the  United  States,  a 
departure  from  the  ordinary  mode  of  surveying  land  j.^fg^^^  u'^ 
on  any  river,  lake,  bayou,  or  watercourse  would  promote  statutes  a  t 
the  public  interest,  he  may  direct  the  surveyor-general  Large,  vol.  4, 
in  whose  district  such  land  is  situated,  and  where  the  p-  ^*- 
change  is  intended  to  be  made,  imder  such  rules  and  regulations  as 
the  President  may  prescribe,  to  cause  the  lands  thus  situated  to  be  sur- 
veyed in  tracts  01  two  acres  in  width,  fronting  on  any  river,  bayou,  lake, 
or  watercourse  and  running  back  the  depth  of  forty  acres." 

The  act  of  Congress  approved  Apnl  5,  1832,  directed  the  subdivi- 
sion of  the  public  lands  into  quarter-quarter  sections ;  that 
in  every  case  of  the  division  of  a  half-quarter  section  the  Act  of  April 
dividing  line  should  nm  east  and  west,  and  that  fractional  ^^l^^^  ^'ai 
sections  should  be  subdivided,  under  rules  and  regulations  Large,  vol.  4,  p. 
prescribed  by  the  Secretary  of  the  Treasury.  Under  S03.  Section 
the  latter  provision  the  Secretary  directed  that  frac-  vfsed  Stafiit^*^ 
tional  sections  containing  less  than  160  acres,  or  the 
residuary  portion  of  a  fractional  section,  after  the  subdivision  into  as 
many  quarter-quarter  sections  as  it  is  susceptible  of,  may  be  subdivided 
into  lots,  each  containing  the  quantity  of  a  quarter-quarter  section  as 
nearly  as  practicable,  by  so  laying  down  the  line  of  subdivision  that 
they  shall  be  20  chains  wide,  which  distances  are  to  be  marked  on  the 
plat  of  subdivision,  as  are  also  the  areas  of  the  quarter-cjuarters  and 
residuary  fractions. 

These  two  acts  last  mentioned  provided  that  the  comers  and  contents 
of  half -quarter  and  quarter-quarter  sections  should  be  ascertained  as 
nearly  as  possible  in  the  manner  and  on  the  principles  prescribed  in  the 
act  01  Congress  approved  February  11,  1805. 

GENERAL    RULES. 

From  the  foregoing  synopsis  of  Congressional  legislation  it  is  evident — 

I  St.  That  the  boimdaries  of  the  public  lands  established  and  returned 
by  the  duly  appointed  Government  stirveyors,  when  approved  by  the 
surveyors-general  and  accepted  by  the  Government,  are  unchangeable. 

2d.  That  the  original  township  section,  and  quarter-section  comers 
established  by  the  Government  surveyors  must  stand  as  the  true  cor- 
ners which  they  were  intended  to  represent,  whether  the  comers  be  in 
place  or  not. 

3d.  That  auarter-quarter  comers  not  established  by  the  Government 
surveyors  shall  be  placed  on  the  straight  lines  joining  the  section  and 
quarter-section  comers  and  midway  between  them,  except  on  the  last 
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half  mile  of  section  lines  closing  on  the  north  and  west  boundaries  of 
the  township,  or  on  other  lines  between  fractional  sections. 

4th.  That  all  subdivisional  lines  of  a  section  running  between  comers 
established  in  the  original  survey  of  a  township  must  be  straight  lines, 
running  from  the  proper  comer  in  one  section  line  to  its  opposite  cor- 
responding comer  in  the  opposite  section  line. 

5th.  That  in  a  fractional  section  where  no  opposite  corresponding 
comer  has  been  or  can  be  established,  any  required  subdivision  line  of 
such  section  must  be  run  from  the  proper  original  comer  in  the  bovmdary 
line  due  east  and  west,  or  north  and  south,  as  the  case  may  be,  to  the 
watercourse,  Indian  reservation,  or  other  boundary  of  such  section,  with 
due  parallelism  to  section  lines. 

From  the  foregoing  it  will  be  plain  that  extinct  corners  of  the  Gov- 
ernment surveys  must  be  restored  to  their  original  locations,  whenever 
it  is  possible  to  do  so;  and  hence  resort  should  always  be  first  had  to 
the  marks  of  the  survey  in  the  field.  The  locus  of  the  missing  comer 
should  be  first  identified  on  the  ground  by  the  aid  of  the  mound,  pits, 
line  trees,  bearing  trees,  etc.,  described  in  the  field  notes  of  the  original 
survey. 

The  identification  of  mounds,  pits,  witness  trees,  or  other  permanent 
objects  noted  on  the  field  notes  of  survey,  affords  the  best  means  of 
relocating  the  missing  comer  in  its  original  position.  If  this  cannot  be 
done,  clear  and  convincing  testimony  of  citizens  as  to  the  locality  it 
originally  occupied  should  be  taken,  if  such  can  be  obtained.  In  any 
event,  whether  the  locus  of  the  corner  be  fixed  by  one  means  of  the 
other,  such  locus  should  always  be  tested  and  confirmed  by  measure- 
ments to  known  comers.  No  definite  rule  can  be  laid  down  as  to  what 
shall  be  sufficient  evidence  in  such  cases,  and  much  must  be  left  to  the 
skill,  fidelity,  and  good  judgment  of  the  surveyor  in  the  performance 
of  his  work. 

EXCEPTIONAL    CASES. 

When  new  measurements  are  made  on  a  single  line  to  determine  the 
position  thereon  for  a  restored  lost  comer  (for  example,  a  quarter-section 
corner  on  line  between  two  original  section  comers),  or  when  new  meas- 
urements are  made  between  original  comers  on  two  lines  for  the  pur- 
pose of  fixing  by  their  intersection  the  position  of  a  restored  missing 
corner  (for  example,  a  comer  common  to  four  sections  or  four  town- 
ships), it  will  almost  invariably  happen  that  discrepancies  will  be  devel- 
oped between  the  new  measurements  and  the  origmal  measurements  in 
the  field  notes.  When  these  differences  occur  the  surveyor  will  in  all 
cases  establish  the  missing  comer  by  proportionate  measurements  on 
lines  conforming  to  the  original  field  notes  and  by  the  method  followed 
in  the  original  survey.  From  this  rule  there  can  be  no  departure,  since 
it  is  the  basis  upon  which  the  whole  operation  depends  for  accuracy  and 
truth. 

In  cases  where  the  relocated  comer  cannot  be  made  to  harmonize 
with  the  field  notes  in  all  directions,  and  unexplained  error  in  the  first 
survey  is  apparent,  it  sometimes  becomes  the  task  of  the  surveyor  to 
place  it  according  to  the  requirements  of  one  line  and  against  the  calls 
of  another  line.  For  instance  if  the  line  between  sections  30  and  31 
reported  78  chains  long,  would  draw  the  missing  comer  on  range  line 
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I  chain  eastward  out  of  range  with  the  other  exterior  corners,  the  pre- 
sumption would  be  strong  that  the  range  line  had  been  run  straight 
and  the  length  of  the  section  line  wrongly  reported,  because  experience 
shows  that  west  random  lines  are  regarded  as  less  important  than  range 
lines  and  more  liable  to  error. 

Again,  where  a  comer  on  a  standard  parallel  has  been  obliterated,  it 
is  proper  to  assume  that  it  was  placed  in  line  with  other  comers,  and 
if  an  anomalous  length  of  line  reported  between  sections  3  and  4  would 
throw  the  closing  comer  into  the  northern  township,  a  surveyor  would 
properly  assume  that  the  older  survey  of  the  standard  line  is  to  control 
the  length  of  the  later  and  minor  line.  The  marks  or  comers  fotmd  on 
luch  a  line  closing  to  a  standard  parallel  fix  its  location,  but  its  length 
should  be  limited  by  its  actual  intersection,  at  which  point  the  lost  closing 
comer  may  be  placed. 

The  strict  rule  of  the  law  that  '*  all  comers  marked  in  the  field  shall 
be  established  as  the  comers  which  they  were  intended  to  designate," 
and  the  further  rule  that  *'the  length  of  lines  returned  by  the  surveyors 
shall  be  held  and  considered  as  the  true  length  thereof,"  are  found  in 
some  cases  to  be  impossible  of  fulfilment  in  all  directions  at  once,  and  a 
surveyor  is  obliged  to  choose,  in  his  own  discretion,  which  of  two  or 
more  lines  must  yield,  in  order  to  permit  the  rules  to  be  applied  at  all. 

In  a  case  of  an  erroneous  but  existing  closing  comer,  wnich  was  sot 
some  distance  out  of  the  true  State  boundary  of  Missouri  and  Kansas, 
it  was  held  by  this  office  that  a  surveyor  subaividing  the  fractional  sec- 
tion should  preserve  the  boundary  as  a  straight  line,  and  should  not 
regard  said  closing  comer  as  the  proper  comer  of  the  adjacent  fractional 
lots.  The  said  comer  was  considered  as  fixing  the  position  of  the  line 
between  two  fractional  sections,  but  that  its  lengch  extended  to  a  new 
comer  to  be  set  on  the  true  boundary  line.  The  surveyor  shovdd  there- 
fore preserve  such  an  original  comer  as  evidence  of  the  line:  but  its 
erroneous  position  cannot  be  allowed  to  cause  a  crook  between  mile 
comers  of  the  original  State  boundary. 

It  is  only  in  cases  where  it  is  manifestly  imp>ossible  to  carry  out  the 
literal  terms  of  the  law,  that  a  surveyor  can  be  justified  in  making  such  a 
decision. 

The  principle  of  the  preponderance  of  one  line  over  another  of  less 
importance  has  been  recognized  in  the  rule  for  restoring  a  section  comer 
common  to  two  townships  in  former  editions  of  this  circular.  The  new 
comer  should  be  placed  on  the  township  line;  and  measurements  to 
check  its  position  by  distances  to  comers  within  the  townships  are  useful 
to  confirm  it  if  found  to  agree  well,  but  should  not  cause  it  to  be  placed 
off  the  line  if  found  not  to  agree,  if  the  general  condition  of  the  boundary 
supports  the  presumption  that  it  was  properly  alined. 

TO    RESTORE    LOST    OR    OBLITERATED    CORNERS. 

I.  To  restore  corners  on  base  lines  and  standard  parallels, — Lost  or 
obliterated  standard  comers  will  be  restored  to  their  original  positions 
on  a  base  line,  standard  parallel,  or  correction  line,  by  proportionate 
measurements  on  the  line,  conforming  as  nearly  as  practicaole  to  the 
original  field  notes  and  joining  the  nearest  identified  original  standard 
comers  on  opposite  sides  of  the  missing  comer  or  comers,  as  the  case 
may  be. 
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(a)  The  term  "standard  comers"  will  be  understood  to  designate 
standard  township,  section,  quarter  section,  and  meander  corners;  and 
in  addition,  closing  comers,  as  follows:  Closing  comers  used  in  the 
original  survey  to  oetermine  the  i>osition  of  a  standard  parallel  of  estab- 
lished during  the  survey  of  the  same,  will  with  the  standard  comers, 
govern  the  aJinement  and  measurements  made  to  restore  lost  or  oblit- 
erated standard  comers;  but  no  other  closing  comers  will  control  in 
any  manner  the  restoration  of  standard  comers  on  a  base  line  or  standard 
parallel. 

(6)  A  lost  or  obliterated  closing  comer  from  which  a  standard  parallel 
has  been  initiated  or  to  which  it  has  been  directed  will  be  re-established 
in  its  original  place  by  proportionate  measurement  from  the  comers  used 
in  the  original  survey  to  determine  its  position.  Measurements  from 
comers  on  the  opposite  side  of  the  parallel  will  not  control  in  any  manner 
the  relocation  ot  said  comer. 

(c)  A  missing  closing  corner  originally  established  during  the  survey 
of  a  standard  parallel  as  a  comer  irom  which  to  project  surveys  south 
will  be  restored  to  its  original  position  by  considering  it  a  standard  cor- 
ner and  treating  it  accordingly. 

(d)  Therefore,  paying  attention  to  the  preceding  explanations,  we 
have  for  the  restoration  of  one  or  several  comers  on  a  standard  parallel 
and  for  general  application  to  all  other  surveyed  lines,  the  following 
proportion : 

As  the  original  field  note  distance  between  the  selected  known  comers 
is  to  the  new  measure  of  said  distance,  so  is  the  original  field  note  length 
of  anv  part  of  the  line  to  the  recjuired  new  measure  thereof. 

The  sum  of  the  computed  lengths  of  the  several  parts  of  a  line  must 
be  equal  to  the  new  measure  of  the  whole  distance. 

(e)  As  has  been  observed,  existing  original  comers  cannot  be  dis- 
turbed; consequently,  discrepancies  between  the  new  and  the  original 
field  note  measurements  of  the  line  joining  the  selected  original  comers 
will  not'  in  any  manner  affect  measurements  beyond  said  comers,  but 
the  differences  will  be  distributed  proportionately  to  the  several  intervals 
embraced  in  the  line  in  question. 

(f)  After  having  checked  each  new  location  by  measurement  to  the 
nearest  known  comers,  new  comers  will  be  established  permanently 
and  new  bearings  and  measurements  taken  to  prominent  objects,  which 
should  be  of  as  permanent  a  character  as  possible,  and  the  same  recorded 
for  future  reference. 

2.  Restoration  of  to%vnship  corners  common  to  four  townships. — ^Two 
cases  should  be  clearly  recognized :  ist.  Where  the  position  of  the  original 
township  comer  has  been  made  to  depend  upon  measurements  on  two 
lines  at  right  angles  to  each  other.  2d.  Where  the  original  comer  has 
been  located  by  measurements  on  one  line  only ;  for  example,  on  a  guide 
meridian. 

(a)  For  restoration  of  a  township  comer  originally  subject  to  the 
first  condition:  A  line  will  first  be  run  connecting  the  nearest  identified 
original  comers  on  the  meridonal  township  lines,  north  and  south  of 
the  missing  comer,  and  a  temporary  comer  will  be  placed  at  the  proper 
prop)ortionate  distance.  This  will  determine  the  comer  in  a  north  cmd 
south  direction  only. 

Next,  the  nearest  original  comers  on  the  latitudinal  township  lines 
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will  be  connected  and  a  point  thereon  will  be  determined  in  a  similar 
manner,  independent  of  the  temporary  comer  on  the  meridional  Hne. 
Then  through  the  first  temporary  comer  run  a  line  east  (or  west)  and 
through  the  second  temf>orary  comer  a  line  north  (or  south),  as  relative 
situations  may  suggest.  The  intersection  of  the  two  lines  last  run  will 
define  the  position  of  the  restored  township  comer,  which  may  be  per- 
manently established. 

(6)  The  restoration  of  a  lost  or  obliterated  township  comer  estab- 
lished under  the  second  conditions,  i.e.,  by  measurements,  on  a  single 
line,  will  be  effected  by  proportionate  measurements  on  said  line,  between 
the  nearest  identified  original  comers  pn  opposite  sides  of  the  missing 
township  comer,  as  before  described. 

3.  Re-establishment  of  corners  common  to  two  townships. — The  two 
nearest  known  corners  on  the  township  line,  the  same  not  being  a  base  or 
a  correction  line,  will  be  connected  as  in  case  No.  i,  by  a  right  line,  and  the 
missing  comer  established  by  proportionate  distance  as  directed  in  that 
case;  the  location  thus  found  will  be  checked  upon  by  measurements  to 
nearest  known  section  or  quarter-section  comers  north  and  south,  or 
east  and  west,  of  the  township  line,  as  the  case  may  be. 
*  4.  Re-establishment  of  closing  corners. — Measure  from  the  quarter- 
section,  section,  or  township  corner  east  or  west,  as  the  case  may  be,  to 
the  next  preceding  or  succeeding  comer  in  the  order  of  original  establish- 
ment, and  re-establish  the  missing  closing  comer  by  proportionate  measure- 
ment. The  line  upon  which  the  closing  comer  was  originally  established 
should  always  be  remeasured,  in  order  to  check  upon  the  correctness  of 
the  new  location.     See  pa^e  744  ff.  for  details. 

5.  Re-establishment  of  interior  section  corners. — This  class  of  comers 
should  be  re-established  in  the  same  manner  as  comers  common  to  four 
townships.  In  such  cases,  when  a  number  of  comers  are  missing  on  all 
sides  of  the  one  sought  to  be  re-established,  the  entire  distance  must,  of 
course,  be  remeasured  between  the  nearest  existing  recognized  comers 
both  north  and  south,  and  east  and  west,  in  accordance  with  the  rule 
laid  down,  and  the  new  corner  re-established  by  proportionate  measure- 
ment. The  mere  measurement  in  any  one  of  the  required  directions  will 
not  suffice,  since  the  direction  of  the  several  sections  lines  running  north- 
ward through  a  township,  or  running  east  and  west,  are  only  in  the 
most  exceptional  cases  true  prolongations  of  the  alinement  of  the  sec- 
tion lines  initiated  on  the  south  boundary  of  the  township;  while  the 
east  and  west  lines  running  through  the  township,  and  theoretically  sup- 
posed to  be  at  right  angles  with  the  former,  are  seldom  in  that  condi- 
tion, and  the  alinements  of  the  closing  lines  on  the  east  and  west  bound- 
aries of  the  township,  in  connection  with  the  interior  sections  lines,  are 
even  less  often  in  accord.  Moreover,  the  alinement  of  the  section  line 
itself  from  comer  to  comer,  in  point  of  fact,  also  very  frequently  diverges 
from  a  right  line,  although  presumed  to  be  such  from  the  record  con- 
tained in  the  field  notes  and  so  designated  on  the  plats,  and  becomes 
either  a  broken  or  a  curved  line.  This  fact  will  be  determined,  in  a 
timbered  country,  by  the  blazes  which  may  be  found  upon  trees  on  either 
side  of  the  line,  and  although  such  blazed  line  will  not  strictly  govern 
as  to  the  absolute  direction  assumed  by  such  line,  it  will  assist  very 
materially  in  determining  its  approximate  direction,  and  should  never 
be  neglected  in  retracements  for  the  re-establishment  of  lost  comers  of 
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any  description.  Sight  trees  described  in  the  field  notes,  together  with 
the  recorded  distances  to  same,  when  fully  identified,  will,  it  has  been 
held,  in  one  or  more  States,  govern  the  line  itself,  even  when  not  in  a 
direct  or  straight  line  between  established  comers,  which  line  is  then 
necessarily  a  broken  line  by  passing  through  said  sight  trees.  Such 
trees,  when  in  existence  and  properly  identified  beyond  a  question  of 
doubt,  will  very  materially  assist  in  evidencing  the  correct  relocation  of 
a  missing  comer.  It  is  greatly  to  be  regretted  that  the  earlier  field  notes 
of  surve)r  are  so  very  meagre  in  the  notation  of  the  topography  foimd 
on  the  original  line,  which  might  in  very  many  instances  matenalfy  lessen 
a  survevor's  labors  in  retracemeijt  of  lines  and  re-establishment  of  the 
reciuired  missing  comer.  In  the  absence  of  such  sight  trees  and  other 
evidence  regarding  the  line,  as  in  an  open  country,  or  where  such  evi- 
dence Has  been  destroyed  by  time,  the  elements,  or  the  progress  of  improve- 
ment, the  line  connecting  the  known  comers  should  be  run  straight 
from  comer  to  comer. 

6.  Re-establishment  of  quarter-section  corners  on  Urwnship  boundaries. — 
Only  one  set  of  fjuarter-section  corners  are  actually  marked  in  the  field 
on  township  lines,  and  they  are  established  at  the  time  when  the  town- 
ship exteriors  are  run.  When  double  section  comers  are  found,  the  * 
quarter-section  comers  are  considered  generally  as  standing  midway 
between  the  comers  of  their  respective  sections,  and  when  required  to 
be  established  or  re-established,  as  the  case  may  be,  they  shoula  be  gen- 
erally so  placed;  but  great  care  should  be  exercised  not  to  mistake  the 
comers  belonging  to  one  township  for  those  of  another.  After  deter- 
mining the  proper  section  comers  marking  the  line  upon  which  the 
missing  quarter-section  comer  is  to  be  re-established,  and  measuring 
said  line,  the  missing  quarter-section  comer  will  be  re-established  in 
accordance  with  the  requirements  of  the  original  field  notes  of  survey, 
by  proportionate  measurement  between  the  section  comers  marking  the 
line. 

Where  there  are  double  sets  of  section  comers  on  township  and  range 
lines,  and  the  (|uarter-section  comers  for  sections  South  of  the  town- 
ship or  east  of  the  range  lines  are  required  to  be  established  in  the  field, 
the  said  quarter-section  comers  should  be  so  placed  as  to  suit  the  cal- 
culation of  areas  of  the  quarter  sections  adjoining  the  township  bound- 
aries as  expressed  upon  the  ofticial  township  plat,  adopting  proportionate 
measurements  when  the  present  measurement  of  the  north  and  west 
boundaries  of  the  section  aiflfer  from  the  original  measurements. 

7.  Re-establishment  of  quarter-section  corners  on  closing  section  lines 
between  fractional  sections. — This  class  of  corners  must  be  re-established 
according  to  the  original  measurement  of  40  chains  from  the  last  interior 
section  comer.  If  the  measurements  do  not  agree  with  the  original 
survey,  the  excess  or  deficiency  must  be  divided  proportionately  between 
the  two  distances,  as  expressed  in  the  field  notes  of  original  survey. 
The  section  comer  started  from  and  the  corner  closed  upon  should  oe 
connected  by  a  right  line,  unless  the  retracement  should  develop  the 
fact  that  the  section  line  is  either  a  broken  or  curved  line,  as  is  some- 
times the  case. 

8.  Re-establishment  of  interii^r  quarter-section  corners. — In  some  of  the 
older  surveys  these  comers  are  placed  at  variable  distances,  in  which 
case  the  field  notes  of  the  original  survey  must  be  consulted,  and  the 
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quarter-section  corner  re-established  at  proportionate  distances  between 
the  corresponding  section  corners,  in  accordance  therewith.     The  later 
surveys  being  more  uniform  and  in  stricter  accordance  with  law,  the 
missing  quarter-section  corner  must  be  re-established  equidistant  between 
the  section  comers  marking  the  line,  according  to  the  field  notes  of  the 
original  survey.     The  remarks  made  under  section  5,  in  relation  to  section 
Hnes,  apply  with  full  force  here  also;    the  caution  there  given  not  to 
neglect  signt  trees  is  equally  applicable,  since  the  proper  re-establishment 
of  the  quarter-section  corner  may  in  some  instances  very  largely  depend 
upon  its  observance,  and  avoid  one  of  the  many  soiu-ces  of  litigation. 
9.   WJtere  doMe  corners  were  originally  established^  one  of  which  is 
standing,  to  re-establish  the  other. — It  being  remembered  that  the  comers 
established  when  the  exterior  township  lines  were  run   belong  to   the 
sections  in  the  townships  north  and  west  of  those  lines,  the  surveyor 
must  first  determine  beyond  a  doubt  to  which  sections  the  existing  comer 
belongs.     This  may  be  done  by  testing  the  courses  and  distances  to 
Vritness  trees  or  other  objects  noted  in  tne  original  field  notes  of  survey 
and   by  remeasuring  distances  to  known  corners.     Having  determined 
to  which  township  the  existing  comer  belongs,  the  missing  comer  may 
be  re-established  in  line  north  or  south  of  the  existing  comer,  as  the 
case  may  be,  at  the  distance  stated  in  the  field  notes  of  the;  original 
survey,  by  proportionate  measurement,  and  tested  by  retracement  to 
the  opposite  corresponding  comer  of  the  section  to  which  the  missing 
section  comer  belongs.     These  double  corners  being  generally  not  more 
than    a   few   chains    apart,  the   distance   between   them   can    be   more 
accurately  laid  off,  and  it  is  considered  preferable  to  first  establish  the 
missing  comer  as  above,  and  check   upon    the    corresponding   interior 
comer,  than  to  reverse  the  proceeding;  since  the  result  obtained  is  every 
way  more  accurate  and  satisfactory. 

10.  Where  double  corners  were  originally  established,  and  both  are  miss- 
ing, to  re-establish  the  one  established  when  tlie  township  line  was  run. — 
The  surveyor  will  connect  the  nearest  known  comers  on  the  township 
line  by  a  right  line,  being  careful  to  distinguish  the  section  from  the  clos- 
ing corners,  and  re-establish  the  missing  comer  at  the  point  indicated 
by  the  field  notes  of  the  original  survey  by  proportionate  measurement. 
The  comer  thus  restored  will  be  common  to  two  sections  either  north 
or  west  of  the  township  boundary,  and  the  section  north  or  west,  as  the 
case  may  be,  should  be  carefully  retraced,  thus  checking  upon  the 
re-established  corner,  and  testing  the  accuracy  of  the  result.  It  cannot 
be  too  much  impressed  upon  the  surveyor  that  any  measurements  to 
objects  on  line  noted  in  the  original  survey  are  means  of  determining 
and  testing  the  correctness  of  the  operation. 

11.  Where  double  corners  were  originally  established,  and  both  are  miss- 
ing, to  re-establish  the  one  established  ivhen  the  township  was  subdivided. — 
The  corner  to  be  re-established  being  common  to  two  sections  south  or 
east  of  the  township  line,  the  section  line  closing  on  the  missing  section 
comer  should  be  first  retraced  to  an  intersection  with  the  township  line 
in  the  manner  previously  indicated,  and  a  temporary  comer  established 
at  the  point  of  intersection.  The  township  line  will  of  course  have  been 
previously  carefully  retraced  in  accordance  with  the  requirements  of  the 
original  field  notes  of  survey,  and  marked  in  such  a  manner  as  to  be 
readily  identified  when  reaching  the  same  with  the  retraced  section  line. 
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The  location  of  the  temporary  comer  planted  at  the  point  of  intersection 
will  then  be  carefully  tested  and  verified  by  remeasurements  to  objects 
and  known  comers  on  the  township  line,  as  noted  in  the  original  field 
notes  of  survey,  and  the  necessary  corrections  made  in  such  relocation. 
A  permanent  comer  will  then  be  erected  at  the  corrected  location  on  the 
township  line,  properly  marked  and  witnessed,  and  recorded  for  future 
requirements. 

12.  Where  triple  corners  were  originally  established  on  range  lifies,  one 
or  two  of  which  have  become  obliterated ^  to  re-establish  either  of  them. — It 
will  be  Dome  in  mind  that  only  two  comers  were  established  as  actual 
comers  of  sections,  those  established  on  the  range  line  not  corresf>ond- 
ing  with  the  subdivisional  survey  east  or  west  of  said  range  line.  The 
surveyor  will,  therefore,  first  proceed  to  identify  the  existmg  comer  or 
comers,  as  the  case  may  be,  and  then  re-establish  the  missing  comer 
or  comers  in  line  north  or  south,  according  to  the  distances  stated  in 
the  original  field  notes  of  survey  in  the  manner  indicated  for  the  re-estab- 
lishment of  double  corners,  testing  the  accuracy  of  the  result  obtained, 
as  hereinbefore  directed  in  other  cases.  If,  however,  the  distances 
between  the  triple  corners  are  not  stated  in  the  original  field  notes  of 
survey,  as  is  frequently  the  case  in  the  returns  of  older  surveys,  the 
range  line  should  be  first  carefully  retraced,  and  marked  in  a  manner 
suthciently  clear  to  admit  of  easy  identification  upon  reaching  same 
during  the  subsequent  proceedings.  The  section  lines  closing  upon  the 
missing  comers  must  tnen  be  retraced  in  accordance  with  the  original 
field  notes  of  survey,  in  the  manner  previously  indicated  and  directed, 
and  the  corners  re-established  in  the  manner  directed  in  the  case  of  double 
comers.  The  surveyor  cannot  be  too  careful,  in  the  matter  of  retrace- 
ment,  in  following  closely  all  the  recorded  indications  of  the  original 
line^  and  nothing,  however  slight,  should  be  neglected  to  insure  the 
correctness  of  the  retracement  of  the  original  line;  since  there  is  no 
other  check  upon  the  accuracy  of  the  re-establishment  of  the  missing 
comers^  unless  the  entire  corresponding  section  lines  are  remeasured  by 
proportional  measurement  and  the  result  checked  by  a  recalculation  of 
the  areas  as  originally  returned,  which,  at  best,  is  but  a  very  poor  check, 
because  the  areas  expressed  upon  the  margin  of  many  plats  of  the  older 
surveys  are  erroneously  stated  on  the  face  of  the  plats,  or  have  been  care- 
lessly calculated. 

I  ^.  Wliere  triple  corners  were  originally  established  on  range  lines,  all  of 
which  are  missing,  to  re-establish  same. — These  comers  should  be  re-estab- 
lished in  accordance  with  the  foregoing  directions,  commencing  with  the 
comer  originally  established  when  the  range  line  was  run,  establishing 
the  same  in  accordance  with  previously  given  directions  for  restoring 
section  and  quarter-section  comers ;  that  is  to  say,  by  remeasuring  between 
the  nearest  known  comers  on  said  township  line,  and  re-establishing 
the  same  by  proportionate  measurement.  The  two  remaining  will  then 
be  re-established  in  conformity  with  the  general  rules  for  re-establish- 
ment of  double  comers. 

14.  Re-establishment  of  meander  corners. — Before  proceeding  with  the 
re-establishment  of  missing  meander  comers,  the  surveyor  should  have 
carefully  rechained  at  least  three  of  the  section  lines  between  known 
comers  of  the  township  within  which  the  lost  comer  is  to  be  relocated, 
in  order  to  establish  the  proportionate  measurement. to  be  used.     This 
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requirement  of  preliminary  remeasurement  of  section  lines  must  in  no 
case  be  omitted;  since  it  gives  the  only  data  upon  which  the  fractional 
section  line  can  be  remeasured  proportionately,  the  comer  marking  the 
terminus,  or  the  meander  corner,  being  missing,  which  it  is  intended  to 
re-establish.  The  missing  meander  comer  will  be  re-established  on  the 
section  or  township  line  retraced  in  its  original  location,  by  the  propor- 
tionate measurement  fotuid  by  the  preceding  operations,  from  the  near- 
est known  comer  on  such  township  or  section  line,  in  accordance  with  the 
requirements  of  the  original  field  notes  of  survey. 

Meander  comers  hold  the  peculiar  p)osition  of  denoting  a  point  on 
line  between  landowners,  without  usually  being  the  legal  terminus  or 
comer  of  the  lands  owned.  Leading  judicial  decisions  have  affirmed 
that  meander  lines  are  not  strictly  boundaries,  and  do  not  limit  the 
ownership  to  the  exact  areas  placed  on  the  tracts,  ':>*xt  that  said  title 
extends  to  the  water,  *  which,  by  the  plat,  appears  to  bound  the 
land. 

As  such  water  boundaries  are,  therefore,  subject  to  change  b^  the 
encroachment  or  recession  of  the  stream  or  lake,  the  precise  location  of 
old  meanders  is  seldom  important,  tmless  in  States  whose  laws  prescribe 
that  dried  lake  beds  are  the  property  of  the  State. 

Where  the  tJnitel  States  has  disposed  of  the  fractional  lots  adjacent 
to  shores,  it  claims  no  marginal  lands  left  by  recession  or  found  by  reason 
of  erroneous  survey.  The  lines  between  landowners  are  therefore 
regarded  as  extended  beyond  the  original  meander  line  of  the  shore,  but 
the  preservation  or  relocation  of  the  meander  comer  is  important,  as 
evidence  of  the  position  of  the  section  line. 

The  different  rules  by  which  division  lines  should  be  run  between 
private  owners  of  riparian  accretions  are  a  matter  of  State  legislation, 
and  not  subject  to  a  general  rule  of  this  office. 

15.  Fractional  section  lines. — County  and  local  surveyors  being  some- 
times called  upon  to  restore  fractional  section  lines  closing  upon  Indian, 
military,  or  other  resiervations,  private  grants,  etc.,  such  lines  should  be 
restored  upon  the  same  principles  as  directed  in  the  foregoing  pages,  and 
checked  whenever  possible  upon  such  corners  or  monuments  as  have 
been  placed  to  mark  such  boundary  lines. 

In  some  instances  comers  have  been  moved  from  their  original  posi- 
tion, either  by  accident  or  design,  and  county  surveyors  are  called  upon 
to  restore  such  comers  to  their  original  positions,  but,  owing  to  the 
absence  of  any  and  all  means  of  identification  of  such  location,  are  unable 
to  make  the  result  of  their  work  acceptable  to  the  owners  of  the  lands 
affected  by  such  comer.  In  such  cases  the  advice  of  this  office  has 
invariably  been  to  the  effect  that  the  relocation  of  such  comer  must  be 
made  in  accordance  with  the  orders  of  a  court  of  competent  jurdisdiction, 
the  United  States  having  no  longer  any  authority  to  order  any  changes 
where  the  lands  affected  by  such  comer  have  been  disposed  of. 


RECORDS. 

The  origfinal  evidences  of  the  public-land  surveys  in  the  following 
States  have  been  transferred,  under  the  provisions  of  sections  2218,  2219, 
and  2220,  United  States  Revised  Statutes,  to  the  State  authorities,  to 
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whom  application  should  be  made  for  such  copies  of  the  original  plats 
and  field  notes  as  may  be  desired,  viz.: 

Alabama:    Secretary  of  State,  Montgomer>r. 

Arkansas :  Commissioner  of  State  Lands,  Little  Rock. 

Illinois:  Auditor  of  State,  Springfield. 

Indiana:  Auditor  of  State,  Indianapolis. 

Iowa:   Secretary  of  State,  Des  Moines. 

Kansas:   Auditor  of  State  and  Register  of  State  Lands,  Topeka. 

Michigan:   Commissioner  of  State  Land  Office.  Lansing. 

Mississippi:  Commissioner  of  State  Lands,  Jackson. 

Missoun:   Secretary  of  State,  Jefferson  City. 

Nebraska:    Commissioner  of-  Public  Lands  and  Buildings,   Lincoln. 

Ohio :    Auditor  of  State,  Columbus. 

Wisconsin:  Commissioners  of  Public  Lands,  Madison. 

In  other  public-land  States  the  original  field  notes  and   plats  are 
retained  in  the  offices  of  the  United  States  surveyors-general. 


SUBDIVISION    OF    SECTIONS 

This  office  being  in  receipt  of  many  letters  making  inquiry  in  regard 
to  the  proper  method  of  subdividing  sections  of  the  public  lands,  the 
following  general  rules  have  been  prepared  as  a  reply  to  such  incjuiries. 
The  rules  for  subdivision  are  based  upon  the  laws  governing  the  survey 
of  the  public  lands.  When  cases  arise  which  are  not  covered  by  these 
rules,  and  the  advice  of  this  office  in  the  matter  is  desired,  the  letter  of 
inquiry  should,  in  every  instance,  contain  a  description  of  the  particular 
tract  or  comer,  with  reference  to  township,  range,  and  section  of  the 
public  surveys,  to  enable  the  office  to  consult  the  record ;  also  a  diagram 
snowing  conditions  found : 

I .  Subdiinsion  of  sectivns  into  quarter  stxtions. — Under  the  provisions 
of  the  act  of  Congress  approved  February  ii,  1805,  the  course  to  be 
pursued  in  the  subdivision  of  sections  into  quarter  sections  is  to  run 
straight  lines  from  the  established  quarter-section  comers,  United  States 
surveys,  to  the  op|x>site  corresponding  comers.  The  point  of  intersec- 
tion of  the  lines  thus  run  will  be  the  corner  common  to  the  several  quarter 
sections,  or,  in  other  words,  the  legal  centre  of  the  section. 

(a)  Upon  the  lines  closing  on  the  north  and  west  boundaries  of  a 
township,  the  quarter-section  comers  are  established  by  the  United  States 
deputy  surveyors  at  40  chains  to  the  north  or  west  of  the  last  interior 
section  comers,  and  the  excess  or  deficiency  in  the  measurement  is  thrown 
into  the  half  mile  next  to  the  township  or  range  line,  as  the  case  may  be. 

{h)  Where  there  are  double  sets  of  sections  comers  on  township  and 
range  lines,  the  quarter  comers  for  the  sections  south  of  the  township 
lines  and  east  of  the  range  lines  are  not  established  in  the  field  by  the 
United  States  deputy  surveyors,  but  in  subdividing  such  sections  said 
quarter  comers  should  be  so  placed  as  to  suit  the  calculations  of  the  areas 
of  the  quarter-sections  adjoining  the  township  boundaries  as  expressed 
upon  the  official  plat,  adopting  proportionate  measurements  where  the 
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new  measurements  of  the  north  or  west  boundaries  of  the  section  differ 
from  the  original  measurements. 

2.  Subdivision  of  fractional  sections. — Where  opp>osite  corresp)onding 
comers  have  not  been  or  cannot  be  fixed,  the  subdivision  lines  should  be , 
ascertained  by  running  from  the  established  comers  due  north,  south, 
east,  or  west  lines,  as  the  case  may  be,  to  the  watercourse,  Indian  boimdary 
line,  or  other  boundary  of  such  fractional  section. 

(a)  The  law  presumes  the  section  lines  surveyed  and  marked  in  the 
field  by  the  United  States  deputy  surveyors  to  be  due  north  and  south 
or  east  and  west  lines,  but  in  actual  experience  this  is  not  always  the 
case.  Hence,  in  order  to  carry  out  the  spirit  of  the  law,  it  will  be  nec- 
essary in  nmning  the  subdivisional  line  through  fractional  sections  to 
adopt  mean  courses  where  the  section  lines  are  not  due  lines,  or  to  run 
the  subdivision  line  parallel  to  the  east,  south,  west,  or  north  boundary 
of  the  section,  as  conditions  may  require,  where  there  is  no  opposite 
section  line. 

3 .  Subdivision  of  quarter  sections  into  quarter-quarters. — Preliminary  to 
the  subdivision  of  quarter  sections,  the  quarter-quarter  comers  will  be 
established  at  points  midway  between  the  second  and  quarter-section 
comers,  and  between  quarter  comers  and  the  centre  oi  the  section, 
except  on  the  last  half  mile  of  the  lines  closing  on  the  north  or  west  bound- 
aries of  a  township,  where  they  should  be  placed  at  20  chains,  propor- 
tionate measurement,  to  the  north  or  west  of  the  quarter-section  comer. " 

(a)  The  quarter-quarter  section  comers  having  been  established  as 
directed  above,  the  subdivision  lines  of  the  quarter  section  will  be  run 
straight  between  opposite  corresponding  quarter-quarter  section  comers 
on  the  quarter-section  boundaries.  The  intersection  of  the  lines  thus  run 
will  determine  the  place  for  the  comer  common  to  the  four  quarter- 
quarter  sections. 

4.  Subdivision  of  fractional  quarter  sections. — The  subdivision  lines  of 
fractional  quarter  sections  will  be  run  from  properly  established  quarter 
fjuarter  section  comers  (paragraph  ^)  due  north,  south,  east,  or  west, 
to  the  lake,  watercourse,  or  reservation  which  renders  such  tracts  frac- 
tional, or  parallel  to  the  east,  south,  west,  or  north  boimdary  of  the 
cjuarter  section,  as  conditions  may  require.     (See  paragraph  2  (a).) 

5.  Proportionate  measurement. — By  "proportionate  measurement," 
as  used  in  this  circular,  is  meant  a  measurement  having  the  same  ratio  to 
that  recorded  in  the  original  field  notes  as  the  length  if  chain  used  in  the 
new  measurement  has  to  the  length  of  chain  used  in  the  original  sur- 
vey, assuming  that  the  original  and  new  measurements  have  been  cor- 
rectly made. 

For  example:  The  length  of  the  line  from  the  quarter-section  comer 
on  the  west  side  of  sec.  2,  T.  24  N.,  R.  14  E.,  Wisconsin,  to  the  north 
line  of  the  township,  by  the  United  States  deputy  surveyor's  chain,  was 
reported  as  45.40  chains,  and  by  the  county  surveyor's  measure  is 
reported  as  42.90  chains;  then  the  distance  which  the  quarterrquarter 
section  comer  should  be  located  north  of  the  quarter-section  comer 
would  be  determined  as  follows: 

As  45.40  chains,  the  Government  measure  of  the  whole  distance,  is 
to  42.90  chains,  the  county  surveyor's  measure  of  the  same  distance,  so 
is  20.00  chains,  original  measurement,  to  18.90  chains  by  the  county  sur- 
veyor's measure,  showing  that  by  proportionate  measurement  in  this 
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case  the  quarter-quarter  section  comer  should  be  set  at  18.90  chains 
north  of  the  quarter-section  comer,  instead  of  20.00  chains  north  of  such 
comer,  as  represented  on  the  official  plat.  In  this  manner  the  discrep- 
ancies between  original  and  new  measurements  are  equitably  distributed. 

S.  W.  Lamoreux, 
Cotnmissioner, 
Department  of  the  Interior, 

October  16,  1896. 
Approved : 

David  R.  Francis, 

Secretary. 
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TABLE   I 
Trigonometric  Formulas 


Trioonometkic  Fdnctiovs 

Let  A  (Fig.  107)-=angle  J5AC-arc  BF,  and  let  the  radiua  AF^AB^AH='l. 
We  then  have 


sin  A         ' 
coa  A 
tan  A 
cot  A 
sec  A 
cosec  .4 
vcrsin  A    ' 
covers  A 
exsec  .4 
coexsec  A 
chord  A 
chord  2  A 


BC 
AC 
DF 
HG 
'AD 
'AG 

'CF'^BE 
BK^HL 
^BD 
^BG 
-BF 
-BI-^2BC 


In  the  right-angled  triangle  ABC  (Fig.  107). 
I^t  AB  =  c,  i4C=-=6,  and  BC  =  a. 
W  e  then  have 


Fio.  262. 


1.  sin  .4 

2.  cos  A 

3.  tan  A 

4.  cot  ^1 

5.  sec  .1 


— =co«  B 
c 


=    — =8in  B 
c 

«    ^=cot5 
o 


a 


=  tan  B 


—     1 —  =  co8eo  B 

0 


6.     cosec  -4      =    —  =  sec  B 

a 


7.    vers  A 


c-b 


covers  B 


o  J  c—b  ^ 

8.  exsec  A     = — r — =coex8ec  B 

o 

c — o 

9.  covers  A   = ==verHin  B 

c 

10.    coexsec  A— <=  exsec  B 


a 


21.    Are.i  =  — - 


11.    a  =  c  sin  A  — 6  tan  A 


12.     b=«c  cos -4=o  cot  .4 


13.     c= 


a 


bin  A         cos  A 


14.  fl=c  cos  ^  —  6  cot  5 

15.  6  =c  sin  B  =  a  tan  B 

in  ah 

10.  f= 5    «-: — 5 

cos  n        sin  B 

17.  rt-V7c  +  6)(c^) 

18.  b='^ic  +  a){c~a) 

19.  c=V^a2  +  6* 

20.  r  =  90°-A  +  B 


835 


836 


SURVEYING 


TABLE    I. — Continued 
Trigonometric  Formulas 


Solution 

OP  Oblique  TRiANOLca 

V 

a/ 

i»                         No 

Fia.  263. 

Given. 

SouauT. 

Formulas. 

.     22 

.4,  B,  a 

C.  6,  c 

C=180^-t(A  +  B),         fr=^^  .sin  B, 

bin  .4 

c^— — -  sin  (.4  +B) 
sin  i4 

23 

A,  a,  b 

B,  C.c 

sin  ^-5i5-^  .  b,            C-  180°-  U  +  5). 
a 

r^                          aid    /^ 

c^  .      .  .  Sin  L> 
sm  A 

24 

C,a,b 

hU  +  B) 

4(,4  +  B)=90°-i^C 

26 

HA-B) 

tani(A-B)  =  ^taiii(A  +  B) 

26 

A,  B 

A''HA+B)  +  h(A-B), 
B^^U  +  B)-^{A-B) 

'                                                                                                                    1 

27 

' 

c 

rtr\a    X(   A    A,   l?^                  J- 

c-(a  +  6)^™'  [  -^  '  2    =-^««  +  b«     2«6  cos  r 
cos  i(.l  — ^) 

28 
29 

a,  b.  c 

Area 
A 

/C-ioftsinC 

lM«-Ma  +  6  l-c);        sin  M - i/^ ' ~  "^'-~ -\ 

30 
31 

.      .      2V«(.,-a)(„-6)(/*-c) 

*. 

6t  +  r«-fl« 

32 

Area 

/C  -  %/«(«  -  o)  («  -  6)  (8  -  c) 

33 

A,  B,  C,  a 

Area 

„     fl'  sin  B  .  Hin  C 
2  sin  A 
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TABLE    I— Continued 
Trigonometric  Formulas 


• 

Gbnbral  Formulas. 

34 

sin  A 

— j=v^l  — cos'i4  =  tan  A  cos  A 

cosec  -4 

35 
36 

37 

sin  A 
sin  A 

eoe4 

• 

<=  2  sin  ^  A  cos  ^A  —  vers  A  cot  \A 

-  V^  vers  2  /l->>^i(l-co8  2.4) 
«           y  .        

—  — ^=Vi  — sin'il  —  cot  A  sin  A 
sec  A 

38 
39 

COS  A 
cos  A 

- 1  -  vera  A -2  co8»  M  - 1  *  1 -2  sin«  ii4 

-  cos«  i A  -  sin*  iA  =  v^  J  +  i  COB  2.4 

40 

tan  A 

—  — 1—3™ 3  =Vscc«  A-\ 

cot  A     COS  >l 

41 

tan  A 

^     y     1          i„ "^1 -<•«»' ^«     sin  2/1 
y  cos*  .4                  cos  A           1  +  cos  2i4 

42 

tan  A 

1  —  cos  2A     vers  2j4                 *      *  t  ^ 
sin  2A        sin  2A                            ' 

43 

cot  A 

1           cos  .1      ,k /"■        •    J       - 

•"  .             .  ^     .          A               COOCC*  .1         1 

tan  A     sin  A 

44 

cot  A 

sin  2  A         sin  2  A      l+coS'2A 
1  —  cos  2A     vera  2 A        sin  2 A 

45 

cot  A 

tan  JA 
ex-se<'  A 

46 

vera  A 

=  1  —  cos  A  —  sin  A  tan  JA  =  2  sin'  i A 

47 

vera  -4 

—  exsec  A  cos  A 

48 
49 

exsec  A 
sin  \A 

L«="sec  A  — l-»tan  A  tan  JA  = H 

cos  A 

-/'-7'"/^l' 

50 
61 

sin2A 
cos  \A 

»  2  sin  A  cos  A 

,/l+C08  A 

"r    2 

62 

cos  2A 

-2  co8«  A- l  =  co8«  A-sin«  A- 1-2  sin«  A 

838 
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53 
54 
55 
56 
57 

58 
59 

60 

61 
62 
63 
64 
65 
66 
67 
68 

60 

70 


TABLE   I.— Continued 
Trigonometric  Formulas 


tan  i.4 


tan  2A 


cot  4^4 


tan  A 


1  +SCC  A 

2  tan^i4_ 
i  -  tan*  A 

sin  .4       1  +  cos  A 


C08CC  A—  cot  j4«» 


I  —  cos 


biii  A 


f      I  +c 


—  «*os  A 


co«  A 


1 


cot  2.4     = 


vera  ^A   — 


vera  A         sin  A         cosec  4  — cot  A 

coi^A~\ 
2  cot  A 

J  vers  A  1  —  cofl  A 

1+v^l-ivera^     2  +  v''2(l+co8.4) 


vera  2A    —2  sin'  A 


exsec  J/1  -= 


1  -  cos  A 


( 1  -»-  cos  .4  )  +  V  2(1  +  cos  A  ) 


exsc*'  2.4  — 


tans.4 
1  -  tan*  .4 


sin  {A  ±  H)     =•  sin  -4  .  cos  ^±sin  B  .  cos  A 


cos  (A  ±  li)     ^  cos  .4  .  cos  B  f  sin  -4  .  sin  B 


sin  .4  +  sin  «  -  2  sin  i  (.4  +  B)  cos  i ( .4     B) 

sin  .4  -  sin  B  -  2  cos  i  (.4  +  B)  sin  i  ( .1      /^) 

cos  -1  +COS  B  -2  ctw  i(.t  +B)  cos  i(.l      /i) 

ros  B  -cos  .4  -  2  sin  ^(A  +  B)  sin  i(.l   -  B) 

sin«  .1     sin'  /^-c«>s«  /?-cos'.4  -sin  (A+B)  sin  (.4-^) 

cos".!      sin»  /i-ros  (.1  4- W)  cos  (.1    -  B) 


tan  .4  4- tan  B  — 


tan  .4  -t:in  B 


sin  (.4  4-/?^ 

cos   .1    .  COS  // 

sin  (.4-«^ 
ctxs  A  .  coi"  B 


f       ; 


1. 1 

LogarttlNS  of  Niilcrt. 

II 

.  LiprltlMie  SiNt, 

•te.,  fir 

•Nrf 

JwKti 

No. 

ItOg. 

D. 

No. 

Vog. 

ARC 

SIN 

Diir. 

TAN 

Diir. 

COT 

lO 

XI 

000 

41 
38 

35 

60 

61 

778 

0\0 

0.1 

301 

176 

125 

97 

79 

67 

58 

51 

46 

41 

38 
35 
32 

30 
28 

301 
176 
125 
97 
79 
67 
58 
51 
46 

41 

38 

35 
32 
30 
28 

041 

785 

7.242 

7.242 

2.758 

12 

079 

62 

792 

0.2 

7-543 

7.543 

2.457 

13 

114 

63 

799 

0.3 

7.719 

7719 

2.281 

M 

146 

32 

64 

806 

0.4 

7.844 

7.844 

2.15^ 

X5 

176 

30 
28 
26 

25 

65 

813 

0.5 

7  941 

7. 941 

2.05? 

l6 

204 

66 

820 

0.6 

8.020 

8.020 

1.980 

17 

230 

67 

826 

0.7 

8.087 

8.087 

1.913 

i8 

255 

68 

833 

0.8 

8.145 

8.145 

1.855 

19 
20 

279 

24 
22 

21 

69 

70 

839 

0.9 
1.0 

8.196 

8.196 

1.804 

301 

845 

8.242 

8.242 

1.758 

21 

322 

90 

71 

851 

I.I 

8.283 

8.283 

1.717 

22 

342 

72 

857 

1.2 

8.321 

8.321 

1.679 

23 

362 

zo 

18 
18 
17 

16 

73 

863 

1.3 

8.356 

8.356 

1.644 

24 

380 

74 

869 

1.4 

8.388 

8.388 

i.6ia 

25 

398 

75 

875 

1.5 

8.418 

.8.418 

1.583 

26 

415 

76 

881 

1.6 

8.446 

26 

8.446 

26 

1.554 

27 

431 

16 

77 

886 

1.7 

8.472 

25 
24 

22 
21 

20 

8.472 

25 
24 
22 

21 

21 

1.528 

28 

447 

15 
15 

14 

14 

T  M 

78 

892 

1.8 

8.497 

8.497 

1.503 

29 

30 

31 

462 

79 
80 

81 

898 

1.9 
2.0 

2.1 

8.521 

8.521 

1.479 

477 

903 
908 

8.543 

8.543 

1.457 

491 

8.564 

8.564 

1.436 

32 

505 

82 

914 

2.2 

8.584 

19 

19 
ifi 

8.585 

19 

18 

1.415 

33 

519 

14 

12 

13 
12 

19 

83 

919 

2.3 

8.603 

8.604 

1-3^ 

34 

531 

84 

924 

2.4 

8.622 

8.622 

18 

1.378 

35 

544 

85 

929 

2.5 

8.640 

A  0 

17 
16 

8.640 

17 
17 
15 
16 

1.360 

36 

556 

86 

934 

2.6 

8.657 

8.657 

1.343 

37 

568 

WO 

87 

940 

2.7 

8.673 

16 

8.674 

1.336 

38 

580 

88 

944 

2.8 

8.689 

15 

15 

14 

14 

13 

13 

13 
19 

8.689 

1. 311 

39 
40 

41 

591 

II 
II 
10 

89 
90 

91 

949 

2.9 
3.0 

31 

8.704 

8.705 

14 
15 

13 

1.295 

602 

954 

8.719 

8.719 

1. 281 

613 

959 

8.733 

8.734 

|.26< 

42 

623 

TO 

92 

964 

3.2 

8.747 

8.747 

M 

13 
12 

1.253 

43 

633 

93 

968 

3-3 

8.760 

8.761 

1.23«i 

44 

643 

94 

973 

3.4 

8.773 

8.774 

I.22t 

45 

653 

1  w 
10 

9 

95 

978 

3.5 

8.786 

8.786 

13 
12 

i.ai.) 

46 

663 

96 

982 

3.6 

8.798 

¥9 

8.799 

1.201 

47 

672 

97 

987 

3  7 

8.810 

II 
f  0 

8. 811 

II 

l.i8c 

48 

681 

9 

98 

991 

3.8 

8.821 

8.822 

12 

1.17^ 

49 
50 

51 

690 

9 
9 

9 

g 

99 
100 

lOI 

996 
000 
004 

3.9 
4.0 

41 

8.833 

■  « 
11 

'            10 

10 

8.834 

II 
10 
II 

l.lU 

699 

8.844 

8.845 

1  15! 

708 

8.854 

8.855 

1.14! 

52 

716 

8 

102 

009 

4 

.2 

8.865 

I  I 

8.866 

10 

1.13- 

53 

724 

i 

103 

013 

4 

3 

8.875 

10 

8.876 

10 

1. 12. 

54 

732 

8 

104 

017 

4 

4 

8.885 

10 

8.886 

10 

I. II. 

55 

740 

g 

105 

021 

4 

5 

8.895 

9 

9 
10 

8.896 

10 

i.ia 

56 

748 

g 

106 

025 

4 

.6 

8.904 

8.906 

Q 

1      1.09. 

57 

756 

7 

8 

107 

029 

4 

7 

8.913 

8.915 

Q 

1.08! 

58 

763 

108 

033 

4 

8 

8.923 

9 

8 

8.924 

9 

i.07< 

59 

771 

7 

109 

037 

4 

9 

8.932 

8.933 

9 

1.06- 

60 

778 

110 

041 

5.0 

8.940 

8.942 

1.05^ 

ARC 

COS 

Diir. 

.   COT 

Dur. 

TA> 

NoTB :  Tbetc  tablet  arc  priottd  Mparatcif  and  oMvattd  oa  htmrj  tarboard. 


i^Dignt. 

1 

II.  LiKarltlMte  Slut,  ite.,  for  eiiry  Degne. 

0 

ARC 

ARC 

SIN 

Diir. 

TAN 

1 

Diir. 

1 

COT 

COS 

ARC 

90%0 

89.9 

I 

301 
176 
125 
96 
79 
67 
58 
50 
46 

41 

37 
34 
32 

29 

27 
26 

301 
176  , 

126  j 

97 

80  1 

67 
59 

46 
43 

38 
36 
34 
31 

0»n 

90' 

89 

i 

8.242 

8.242 

1.758 

0.000 

e 

89.8 

2 

8 

.543 

8.543 

1.457 

0.000 

88 

rf: 

89.7 

3 

8 

.719 

8.719 

1. 281 

9-999 

87 

I? 

89.6 

4 

8 

.844 

8.845 

1. 155 

9.999 

86 

Or 

89.5 

5 

8 

.940 

8.942 

1.058 

9.998 

85 

89.4 
89.3 

6 
7 

9 
9 

.019 
.086 

9.022 
9.089 

0.978 
0.911 

9.998 
9.997 

84 
83 

jj- 

89.3 

8 

9 

.144 

9.148 

0.852 

9.996 

82 

ji     1 

89.1 
80.0 

9 
10 

9 

.194 

9.200 

0.800 

9-995 

81 
80 

:? 

9 

.240 

9.246 

0.754 

9993 

f^ 

88.9 

II 

9 

.281 

9.289 

0.711 

9.992 

79 

fi 

88.8 

12 

9 

.318 

9.327 

0.673 

9.990 

78 

:^ 

83.7 

13 

9 

■352 

9- 363 

0.637 

9.989 

77 

88.6 

14 

9 

.384 

9-397 

0.603 

9.987 

76 

S 

88.5 

15 

9 

•413 

9.428 

0.572 

9.985 

75 

U 

88.4 

16 

9 

.440 

9.457 

29 
28 

27 
25 

24 

23 

22 
22 
21 
20 

19 

19 

19 
18 

17 

18 

0.543 

9.983 

74 

88.3 

17 

9 

.466 

24 
23 

21 
20 

20 

18 

17 

17 
16 

15 
15 

14 
13 

13 

12 

12 

12 
1 1 

9- 485 

0.515 

9.981 

73 

*' 

88.3 

18 

9 

490 

9.512 

0.488 

9.978 

72 

i' 

88.1 
88.0 

87.9 

19 
20 

21 

9 

513 

9.537 

1     0.463 

9.976 

71 
70 

69 

.i 

9 

.534 

9.561 

0.439 

9-973 

.*' 

9 

.554 

9.584 

0.416 

9.970 

t 

87.8 

32 

9 

.574 

9.606 

0.394 

9.967 

68 

t 

87.7 

23 

9 

.592 

9.628 

0.372 

9.964 

67 

* 

87.6 

24 

9 

.609 

9.649 

0.351 

9.961 

66 

f 

87.5 

as 

9 

.626 

9.669 

0.331 

9.957 

65 

V 

87.4 

36 

9 

.642 

9.688 

0.312 

9.954 

64 

/ 

"* 

87.3 

27 

9- 

657 

9.707 

0.293 

9  950 

63 

•^ 

87.2 

28 

9 

672 

9.726 

0.274 

9.946 

63 

■ 
J 

87.1 
87.0 

29 
30 

9 

686 

9-744 

0.256 

9-942 

61 
60 

9 

699 

9.761 

0.239 

9.938 

86.9 

31 

9 

712 

9.779 

17 

17 
16 

0.221 

9.933 

59 

86.8 

32 

9 

724 

9.796 

0.204 

9.928 

58 

86.7 

33 

9 

736 

9.813 

0.187 

9.924 

57 

■ 

86.6 

34 

9- 

748 

9.829 

16 

0.171 

9.919 

56 

86.5 

35 

9 

759 

10 

9.845 

16 

0.155 

9.913 

55 

86.4 

36 

9 

769 

9.861 

16 

0.139 

9.908 

54 

86.3 

37 

9. 

779 

10 
10 

9 

9 

9.877 

16 

0.123 

9.902 

53 

86.2 

38 

9 

.789 

9.893 

15 
16 

1 

15 
15 

16 

0.107 

9.897 

52 

86.1 
86.0 

85.9 

39 
40 

41 

9 

799 

9.908 

0.092 

9.891 

51 
50 

49 

9 

.808 

9.924 

0.076 

9.884 

9 

.817 

9  939 

0.061 

9.878 

85.8 

42 

9 

.826 

9 

g 

9  954 

0.046 

9.871 

48 

85.7 

43 

9 

834 

8 

7 

9.970 

15 
15 

0.030 

9.864 

47 

85.6 

44 

9 

.842 

9-985 

0.015 

9.857 

46 

85.5 
85.4 

45- 

9 

.849 

0.000 

0.000 

9.849 

45° 

85.3 

ARC 

COS 

Diir. 

COT 

Diir. 

TAN 

SIN 

ARC 

85.2 
85.1 

% 

CONS1 

PANTS. 

85.0 

Rad.  i 

n  Deg.  =  57 

•.99578  1 

lojr.  1.758  It 

Circ.  ii 

™  Dtg.  =  360®          log. ' 

•  55630 

«t 

'*  Min.  =  34 

J7'.747  1 

loff.  3.53637 

*«     » 

'  Min.  —  ai6oo'        log. , 

t.  33445 

ARC 

t« 

**  Sec.  =ao< 

Off.  5.31443 

««          14 

Sec.    —  1396000"    log.  ( 

S.I  1361 

•in  t 

'  =  6.464 

]ogWO.4071S 

Mid  told  at  twenty.fiTt  centi,  pott-paid,  by  tbc  publitbert  of  this  volume. 
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TABLE   II 


For  Converting  Metres,  Feet,  and  Chains 


Metres  to  Fbet. 

I 
1 

Fbet 

TO  Metres  and  Chains. 

Chains 

to  Feet. 

Metres. 

Feet. 

1 

Feet. 

Metres.  . 

Chains. 

Chains. 

Feet. 

I 

3.28083; 

I 

0.30480 

0.0151 

O.OI 

0.66    i 

2 

6.56167* 

2 

0.60960 

•0303 

.02 

^•32 

3 

9-84250! 

3 

0.91440 

•0455 

•03 

1.98 

4 

13-^2333 

4 

I .21920 

.0606 

.04 

2  .64 

5 

16.40447 

5 

1.52400 

.0758 

•05 

330 

6 

19.68500 

6 

1.82880 

.0909 

.06 

3-96 

7 

22.965831 

7 

2.13360 

.  1061 

•07 

4.62 

8 

26.246671 

8 

2.43840 

.1212 

.08 

5.28 

9 

29.52750 

9 

2.74321 

.1364 

.09 

5-94 

lO 

32.80833 

10 

3 .04801 

•T515 

.  10 

6.60 

20 

65.61667 

20 

6.09601 

•3030 

.20 

13.20 

30 

98.42500 

30 

9. 14402 

•4545 

•30 

19.80 

40 

13^2333 

40 

12 . 19202 

.6061 

.40 

26.40 

50 

164.0416 

50 

15.24003 

•7576 

•50 

33   00 

60 

196.8500 

60 

18.28804 

.9091' 

.60 

39.60 

70 

229.6583 

70 

21.33604 

I .0606 

•70 

46.  20 

80 

262 .4667 

80 

24.38405 

1 .2121 

.80 

52.80 

90 

2952750 

90 

27.43205 

1.3636 

.90 

59  40 

100  » 

328.0833 

100 

30.48006 

1-5151 

I 

66.00 

200 

656. 1666 

200 

60.96012 

3   0303 

2 

132 

300 

984.2500 

300 

91 .44018 

4.5455 

3 

198 

400 

1312.333 

400 

121 .92024 

6.0606 

4 

264 

500 

1640.416 

500 

152.40030 

75756 

5 

330 

600 

1968. 500 

600 

182.88037 

9.0909 

6 

396 

700 

2296.583 

700 

213.36043 

10.606 

7 

462 

800 

2624.666 

800 

243.84049 

T2  .  121 

8 

528 

QOO 

2952.750 

900 

274.32055 

13-636 

9 

594 

1000 

3280.833 

1000 

304. 8006 

15-151 

10 

660 

2000 

6561 .667 

1   2000 

609.6012 

30.303 

20 

1320 

3000 

9842.500 

1  3000 

914.4018 

45-455 

30 

1980 

4000 

13123.33 

4000 

1219 . 2024 

60 . 606 

40 

2640 

5000 

16404.47 

5000 

1524.0030 

75750 

50 

3300 

6000 

19685 .00 

6000 

1828.8037 

90.909 

60 

3960 

7000 

22965.83 

!   7000 

2 133    6043 

106 .06 

70 

4620 

8000 

26246.67 

8000 

2438.4049 

121.21 

80 

5280 

9000 

29527.50 

(   9000 

2743    2055 

136.36 

90 

5940 
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TABLE   IV 
Logarithms  of  Sines  and  Tangents 


(K 

o*» 

I** 

Sin. 

Cos. 
0.0000 

Tan. 

Cot. 

Sin. 

Cos. 
9.9999 

Tan. 
8.2419 

Cot. 

8.2419 

1.7581 

W 

I 

6.4637 

.0000 

6.4637 

3.5363 

.2490 

.9999 

.2491 

.7509 

59 

2 

.7648 

.0000 

.7648 

.2352 

.2561 

.9999 

.2652 

.7438 

58 

3 

6.9408 

.0000 

6.9406 

3.0592 

.2630 

.9999 

.2631 

.7369 

57 

4 

7.0658 

.0000 

7.0658 

2.9342 

.2699 

.9999 

.2700 

.7300 

56 

5 

.1627 

.0000 

.1627 

.8373 

.2766 

.9999 

.2767 

.7233 

55 

6 

.2419 

.0000 

.2419 

.7581 

.2832 

.9999 

.2833 

.9167 

54 

7 

.3088 

.0000 

,3068 

.6912 

.2898 

.9999 

.28^ 

.7101 

53 

8 

.3668 

.0000 

.3668 

.6332 

.2962 

.9999 

.2963 

.7037 

52 

9 

.4180 

.0000 

.4180 

.5820 

.3025 

.9999 

.3026 

.6974 

51 

10 

.4637 

.0000 

.4637 

.5363 

.3068 

.9999 

.3089 

.6911 

50 

n 

.5051 

.0000 

.5051 

.4949 

.3150 

.9999 

.3150 

.6850 

49 

12 

.5429 

.0000 

.5429 

.4571 

.3210 

9999 

.3211 

.6789 

48 

13 

.5777 

.0000 

.5777 

.4223 

.3270 

.9999 

.3271 

.6729 

47 

14 

.6099 

.0000 

.6099 

.3901 

.3329 

.9999 

.3330 

.6670 

46 

15 

.6398 

.0000 

.6398 

.3602 

.3388 

.9999 

.3389 

.6611 

45 

16 

.6678 

.0000 

.6678 

.3322 

.3445 

.9999 

.3446 

.6554 

44 

17 

6942 

.0000 

.6942 

.3058 

.3502 

.9999 

.3503 

.6497 

43   , 

18 

.7190 

.0000 

.7190 

.2810 

.3558 

.9999 

.3559 

.6441 

42   1 

19 

7425 

.0000 

.7425 

.2575 

.3613 

.9999 

.3614 

.6386 

41 

20 

.7648 

.0000 

.7648 

.2352 

.3668 

.9999 

.XKfw 

.6331 

40   1 

21 

.7859 

.0000 

.7860 

.2140 

.3722 

.9999 

.3723 

.6277 

39   1 

22 

.8061 

.0000 

.8062 

.1938 

.3775 

.99<2 
.9999 

.3776 

.6224 

38 

23 

.8255 

.0000 

.8255 

.1745 

.3828 

.3829 

.6171 

37   ! 

24 

.8439 

.0000 

.8439 

.1561 

.3680 

.9999 

.3881 

.6119 

36 

25 

.8617 

.0000 

.8617 

.1383 

.3931 

.9999 

.3932 

.6068 

35 

26 

.8787 

.0000 

.8787 

.1213 

.3982 

.9999 

.3983 

.6017 

34 

27 

8951 

.0000 

.8951 

.1049 

.4032 

.9999 

.4033 

.5967 

33 

28 

9109 

.0000 

.9109 

.0891 

.4082 

.9999 

.4083 

.5917 

32 

29 

.9261 

.0000 

.9261 

.0739 

.4131 

.9999 

.4132 

.5868 

31 

30 

.9408 

.0000 

.9409 

.0591 

.4179 

.9999 

.4181 

.5819 

30 

31 

9551 

.0000 

.9551 

.0449 

.4227 

.9998 

.4229 

.5771 

29 

32 

.9689 

.0000 

.9689 

.0311 

.4275 

.inWB 

.4276 

.5724 

28 

33 

9622 

.0000 

.9823 

.0177 

.4322 

.9998 

.4323 

.5677 

27 

34 

79952 

.0000 

7.9952 

2.0048 

.4368 

.9996 

.4370 

.5630 

26 

35 

8.0078 

.0000 

8.0078 

1.9922 

.4414 

.inWB 

.4416 

.5584 

25 

36 

.0200 

.0000 

.0200 

.9600 

.4459 

.9998 

.4461 

.5539 

24 

37 

.0319 

.0000 

.0319 

.9681 

.4504 

.9998 

.4506 

.5494 

23 

38 

0435 

.0000 

.0435 

.9565 

.4549 

9998 

.4551 

.54^r 

22 

39 

.0548 

.0000 

.0548 

.9452 

.4593 

.9998 

.4595 

.5405 

21 

40 

.0658 

.0000 

.0658 

.9342 

.4637 

.9998 

.4638 

.5362 

20 

41 

.0765 

.0000 

.0765 

.9235 

.4680 

.9998 

.4682 

.5318 

19 

42 

.0670 

.0000 

.0870 

.9130 

.4723 

.9998 

.4725 

.5275 

10 

43 

.0972 

.0000 

.0972 

.9028 

.4765 

.9998 

.4767 

.5233 

17 

44 

.1072 

.0000 

.1072 

.8928 

.4807 

onoft 

.4809 

.5191 

f6 

45 

.1169 

.0000 

.1170 

.8830 

.  lOlO 

,  )tn 

.4851 

.5149 

15 

46 

.1265 

.0000 

.1265 

.8735 

.4690 

.9998 

.4892 

.5108 

14 

47 

.1358 

.0000 

.1359 

.8641 

.4930 

.9998 

.4933 

.5067 

13 

48 

.1450 

.0000 

.1450 

.8550 

.4971 

.9998 

.4973 

.5027 

12 

49 

.1539 

.0000 

.1540 

.8460 

.5011 

.9998 

.5013 

.4987 

11 

50 

.1627 

.0000 

.1627 

.8373 

.5050 

.9998 

.5053 

.4947 

10 

51 

.1713 

.0000 

.1713 

.8287 

.5090 

.  VWB 

.5092 

.4906 

9 

52 

.1797 

0.0000 

.1796 

.8202 

.5129 

.9998 

.5131 

0 

53 

.1880 

9.9999 

.1880 

.8120 

.5167 

.9998 

.5170 

.4830 

7 

54 

.1961 

.9999 

.1962 

.8038 

.5206 

QQOtt 

.5208 

.4792 

6 

55 

.2041 

.9999 

.2041 

.7959 

.5243 

.9998 

.5246 

.4754 

5 

56 

.2119 

.9999 

.2120 

.7880 

.5281 

.9996 

.5283 

.4717 

4 

57 

.2196 

.9999 

.2196 

.7804 

.5318 

.9997 

.5321 

.4679 

3 

58 

.2271 

.9999 

.2272 

.7728 

.5355 

.9997 

.5358 

.4642 

2 

59 

.2346 

.9999 

2346 

.7654 

.5392 

.9997 

.5394 

.4606 

I 

60 

8.2419 

Cos. 

99999 

Sin. 

82419 
Cot. 

1.7581 

8.5428 

99997 

Sin. 

8.5431 
Cot. 

1.4569 

0 

Tan. 

Cos. 

Tan. 

Ho" 
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TABLE    IV—Continued 
Logarithms  of  Sines  and  Tangents 


c 

2^ 

1 

— 1 

4 

0 

Tan. 
8.6446 

Cot. 

60^ 

Sin. 
8.5428 

Cos. 
9.9997 

Tan. 
8.5431 

Cot. 

Sin. 

Cos. 
9.9994 

Tan. 
8.7194 

Cot. 
1.2806 

Sin. 

Cos. 

i:4569 

8.7188 

8.8436 

9.9989 

1.1554 

1 

.5464 

.9997 

.5467 

.4533 

.7212 

.9994 

.7218 

.2782 

.8544 

OQftO 

.6465 

.1535 

59 

2 

.5500i 

.9997 

.5503 

.4497 

.7236 

.9994 

.7242 

.2758 

.6472 

OQAO 

.8483 

.1517 

58 

3 

.5535 

.9997 

5538 

.4462 

.7260 

.9994 

.7?/)6 

.2734 

.8490 

.9989 

.8501 

.1499 

57 

4 

.5571 

.9997 

.5573 

.4427 

.7283 

.9994 

.7290 

.2710 

.8508 

OQAO 

.6516 

.1462 

56 

5 

.5605 

.9997 

.5608 

.4392 

.7307 

.9994 

7313  .26871 

.8525 

.9989 

.6536 

.1464 

55 

6 

.5640 

.9997 

.5543 

.4357 

.7330 

.9994 

.7337  .26631 

.6543 

.9969 

.6554 

.1446 

54 

7 

.56741 

.9997 

.5677 

.4323 

.7354 

.9994 

.7360 

.2640 

.8560 

.9989 

.8572 

.1428 

53 

8 

.5703 

.9997 

.5711 

.4289 

.7377 

.9994 

.7383 

.2617 

.8578 

.9989 

.8589 

.1411 

52 

9 

.5742 

.9997 

.5745 

.4255 

.7400  .99931 

.7406 

.2594 

.8595 

.9989 

.8607 

.1393 

51 

10 

.5776 

.9997 

.5779 

.4221 

.7423 

.9993 

.7429 

2.2571 

.6613 

OQAO 

.8624 

.1376 

50 

n 

.5309 

.9997 

.58!2 

.4188 

.7445 

.9993 

.7452 

.2548 

.8630 

.9988 

.8642 

.1356 

49 

12 

.5842 

.9997 

.5345 

.4155 

.7468 

.9993 

.7475 

2525 

.8647 

.9986 

.8659 

.1341 

46 

13 

.5875 

9997 

.5378 

.4122 

.7491 

.9993 

.7497 

2503 

.8665 

OQAA 

.8676 

.1324 

47 

14 

.5907 

9997 

.5911 

.408^ 

.7513 

.9993 

.7520 

.2460 

.8682 

.9988 

.8964 

.1306 

46 

15 

.5939 

.9997 

.5943 

.4057 

.7535 

.9993 

.7542 

.2458 

.8699 

OQAA 

.8711 

.1289 

45 

16 

.5972 

.9997 

5975 

.4025 

.7557 

.9993 

7565 

.2435 

.8716 

OQAA 

.6728 

.1272 

44 

17 

.6033 

.9997 

.6007 

.3993 

.7530 

.9993 

.7587 

.2413 

.8733 

.9988 

.8745 

.1255 

43 

16 

.6335 

.9996 

.6038 

.3962 

.7502 

.9993 

.7609 

.2391 

.8749 

.9986 

.8762 

.1238 

42 

19 

.6355 

9996 

.6370 

.3930 

.7623 

.9993 

.7631 

2369 

.8766 

.9988 

.6778 

.1222 

41 

20 

.6397 

.9996 

.6101 

.3899 

.7645 

.9993 

.7652 

.2348 

.8783 

.9988 

.6795 

.1205 

40 

21 

.6123 

.9995 

.6132 

.3858 

.7657 

.9993 

.7674 

.2326 

.8799 

.9987 

.6612 

.1168 

39 

22 

.6159 

.9996 

.6163 

.3837 

.7639 

9992 

76% 

.2304 

.6816 

.9987 

.8829 

.1171 

36 

23 

.6189 

.9996 

.6193 

.3807 

.7710 

.9992 

.7717 

.2283 

.6833 

.9987 

.8845 

.1155 

37 

24 

.6223 

.9996 

.6223 

.37/7 

.7731 

.9992 

.7739 

.2261 

.8849 

.9967 

.8662 

.1138 

36 

25 

.6250 

9996  .6254 

.3476 

.7752 

.9992 

.7760 

.2240 

.6865 

.9987 

.8878 

.1122 

35 

26 

.6279 

.9996  .6283 

.3717 

.7773 

.9992 

.7781 

.2219 

.6862 

.9987 

.6895 

.1105 

34 

27 

.6339 

.9995  .6313 

.3637 

.7794 

.9992 

.7802 

.2198 

AAQR 

.9987 

.8911 

.1089 

33 

28 

.6339 

.99961  6343 

.3657 

.7815 

.9992 

.7823 

.2177 

.6914 

.9987 

.8927 

.1073 

32 

29 

.6353 

.9995.  .6372 

.362fi 

.7836  .9992 

.7844 

.2156 

.8930 

.9987 

.8944 

.1056 

31 

30 

.6397 

.9996 

.6401 

1  .3599 

.7857  .9992  .7865 

.2135 

.8946 

.9987 

.8960 

.1040 

30 

31 

.6426 

.9996 

.6430 

.3570 

.7877 

.99921  .7886 

.2114 

.8962 

'  .9986 

.8976 

.1024 

29 

32 

.6434 

9995 

.6439 

.3541 

.7898 

.9992  .7906 

.2094 

.8978 

.9986 

.8992 

.1008 

26 

33 

.6433 

.9995 

.6437 

.3513 

.7918 

.9992  .7927 

.2073 

ftOQ4 

.9986 

.9008 

.0992 

27 

34 

.6311 

9995 

.6515 

.3435 

.7939 

.9992  .7947 

.2053 

.9010 

.9986 

.9024 

.0976 

26 

35 

.6539 

.9996 

.6544 

.3456 

.7959 

.9992 

.7967 

.2033 

.9026 

.9986 

.9040 

.0960 

25 

36 

.6557 

.9996 

.6571 

.3429 

.7979 

.9991 

.7988 

.2012 

.9342 

.9986 

.9056 

.0944 

24 

37 

.6595 

.9995 

6599 

.3401 

.7999 

.9991 

.8008 

.1992 

.9057 

'  .9986 

.9071 

.0929 

23 

38 

.6522 

.9993 

.6527 

.3373 

.8019 

.9991 

.8028 

.1972 

.9073 

.9986 

.9087 

.0913 

22 

39 

.6553 

9995 

.6554 

.3346 

.8039 

.9991 

.8048 

.1952 

.9089 

.9986 

.9103 

.0897 

21 

40 

.6577 

.9995 

.6532 

.3318 

.8059 

.9991 

.8067 

.1933 

.9104 

.9986 

.9118 

.0882 

20 

41 

.6734 

.9993 

6709 

.3291 

.8078 

.9991!  .8087 

.1913 

.9119 

.9965 

.9134 

.0666 

19 

42 

.6731 

.9993 

.6736 

.3264 

.8098 

.9991 

.8107 

.1893 

.9135 

.9985 

.9150 

.0850 

16 

43 

.6753 

.9993;  6762 

.3238 

.8117 

.9991 

.8126 

.1874 

.9150 

.9965 

.9165 

.0835 

17 

44 

.6734 

.9995!  .6789 

.3211 

.8137 

.9991 

.8146 

.1854 

.9166 

.9985 

.9180 

.0820 

16 

45 

.6310 

.9995;  .6815 

.3185 

.8156 

.9991 

.8165 

.1835 

.9181 

.9985 

.91% 

.0804 

1  '5 

46 

.6837 

.9993 

.6342 

.3158 

.8175 

.9991 

.8185 

.1815 

.9196 

.9985 

.9211 

,  .0789 

14 

47 

.6863 

9995 

.6868 

.3132 

.8194 

.9991 

.8204 

.1796 

.9211 

.9985 

.9226 

.0774 

13 

48 

.6339 

9995 

.6894 

.3106 

.8213 

.9990 

.8223 

.1777 

.9226 

.9985 

.9241 

.0759 

12 

49 

.6914 

.9995 

.6920 

.3080 

.8232 

.9990;  .8242 

.1758 

.9241 

!  .9985 

.9256 

.0744 

11 

50 

.6940 

.9995 

.6945 

.3055 

.8251 

.9990 

.8261 

.1739 

.9256 

.9985 

.9272 

.0728 

10 

51 

.6965 

.9995 

.6971 

.3029 

.8270 

.9990 

.8280 

.1720 

.9271 

.9984 

.9287 

.0713 

9 

52 

.6991 

9995 

.6996 

.30W 

.8289 

.9990 

.8299 

.1701 

.9286 

.9964 

.9302 

.0698 

8 

53 

.7016 

.9994 

.7021 

.2979 

.8307 

.9990;  .8317 

.1683 

.9301 

.9984 

.9316 

.0684 

7 

54 

.7041 

.9994 

.7046 

.2954 

.8326 

.9990 

.8336 

.1664 

.9315 

.9984 

.9331 

.0669 

6 

55 

.7066 

.9994 

.7071 

.2929 

.8345 

.9990 

.8355 

1 

.1645 

.9330 

.9984 

.9346 

.0654 

5 

56 

.7090 

.9994 

.7096 

.2904 

.8363 

.9990,  .8373 

.1627 

.9345 

.9984 

.9361 

.0639 

4 

57 

.7115 

.9994 

.7121 

.2879 

.8381 

.9990 

.8392 

.1608 

.9359 

.9984 

.9376 

.0624 

3 

58 

.7140 

.9994 

.7145 

.2855 

.8400 

.9990'  .8410 

.1590 

.9374 

.9984 

.9390 

.0610 

2 

59 

.7164 

.9994 

.7170 

.2830 

.8418 

.9989  .8428 

.1572 

.9388 

.9984 

.9405 

.0595 

1 

60 

8.7188 

9  9994 

8.7194 

Cot. 

1  2806 

8.8436 

9.9989  8.8446 

1.1554 

89403 

Cos. 

9.9983 

Sin. 

89420 
Cot. 

1.0580 
Tan. 

0 

Cos. 

Sin. 

Tan. 

Cos. 

Sin.   Cot.  Tan. 

9. 

,0 

8( 

>° 

1 

8 

s° 
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TABLE    \W— Continued 
Logarithms  op  Sines  and  Tanobnts 


TABLE   IV—Conlinued 
Logarithms  op  Sines  and  Tangents 
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TABLE    V» 
Horizontal  Distances  and  Elevations  prom  Stadia  Readings.  §  218 


OP 

1 

0 

2 

0 

a 

!° 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

0.  .  . 

100.00 

0.00 

99-97 

1-74 

99.88 

3-49 

99.73 

5.23 

2  .  .  . 

100.00 

0.06 

99-97 

1.80 

99.87 

3-55 

99.72 

5.28 

4.  .  . 

I 00 . 00 

0.12 

99-97 

1.86 

99.87 

3.60 

99.71 

5-34 

6.  .  . 

I 00 . 00 

0. 17 

99.96 

1.92 

99.87 

3-66 

99.71 

5  40 

8.  .  . 

100.00 

'0.23 

99.96 

1.98 

99.86 

3   72 

99.70 

5.46 

10.  .  . 

100.00 

0.29 

99.96 

2.04 

99.86 

378 

99.69 

5-52 

12 .  .  . 

100.00 

0-35 

99  96 

2.09 

99.85 

3  84 

99.69 

5-57 

14.  .  . 

100.00 

0.41 

99-95 

2.15 

99-85 

390 

99.68 

5  63 

16.  .  . 

I 00 . 00 

0.47 

99.95 

2.21 

99.84 

3  95 

99.68 

5.69 

18.  .  . 

100.00 

0.52 

99  95 

2.27 

99.84 

4.01 

09.67 

5  75 

20.  .  . 

100.00 

0.58 

99  95 

^'33 

99  83 

4.07 

99.66 

5.80 

22 .  .  . 

100.00 

0.64 

99  94 

2.38 

99  83 

4   13 

99.66 

5.86 

24.  .  . 

I 00 . 00 

0.70 

99-94 

2.44 

99.82 

4.18 

99.65 

5  92 

26.  .  . 

99  99 

0.76 

99-94 

2.50 

99.82 

4.24 

99.64 

5.98 

28.  .  . 

99-99 

0.81 

99-93 

2.56 

99.81 

4-30 

99  63 

6.04 

30.  .  . 

99.90 

0.87 

99-93 

2.62 

99.81 

436 

99-63 

6.09 

32.  .  . 

99  99 

0.93 

99.93 

2.67 

99.80 

4.42 

99.62 

6.t5 

34-.  • 

99  99 

0  99 

99-93 

2  73 

99.80 

4.48 

99.62 

6.21 

36... 

9Q-99 

1-05 

99.92 

2.79 

99-79 

4  53 

99.61 

6.27 

3»    •• 

99-99 

I .  II 

99.92 

2.85 

99.79 

4-59 

99.60 

6.33 

40.  .  . 

99.99 

1 .  16 

99.92 

2.91 

99.78 

4.65 

99.59 

6.38 

42.  .  . 

99  99 

1 .22 

99  91 

2.97 

99-78 

4.7* 

99  59 

6  44 

44    •  • 

99.98 

1.28 

99.91 

3.02 

99-77 

4.76 

99  58 

6.50 

46... 

99.98 

1-34 

99.90 

3.08 

99-77 

4.82 

99.57 

6.56 

48... 

99.98 

T  .40 

99.90 

3-14 

99.76 

4.88 

99  56 

6  61 

50    • 

99.98 

1-45 

99.90 

3.20 

99.76 

4-94 

99-56 

6.67 

52..  . 

99.98 

1.51 

99.89 

3.26 

99-75 

4.99 

99-55 

6   73 

54.  • 

99  98 

1-57 

99.89 

331 

99-74 

5-05 

99.54 

6.78 

56... 

99-97 

1.63 

99.89 

3-37 

99-74 

5-II 

99-53 

6.84 

5»    •■ 

99-97 

1 .69 

99.88 

3-43 

99  73 

5-17 

99-52 

6.90 

60.  .  . 

99-97 

»-74 

99.88 

3-49 

99-73 

5-23 

09.51 

6.q6 

0-75 

0-75 

O.OI 

0.75 

0.02 

0-75 

0.03 

0-75 

0.05 

1. 00 

1 .00 

O.OI 

I  .00 

0.03 

1 .00 

0.04 

1 .00 

0.06 

'■»5 

125 

0.02 

1-25 

0.03 

1-25 

0.05 

^•25 

0.08 

>  This  table  was  computed  by  Mr.  Arthur  Winslow  of  the  State  Geological  Survey  iA 
Pennylvania.  from  equations  7  and  8,  p.  283. 
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TABLE   Y. ^Continued 
Horizontal  Distances  and  Elevations  prom  Stadia  Readings 


4 

0 

^ 

>° 

6^ 

7° 

nJi%  mi  ^  AG 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elcv. 

DUt. 

Elev. 

Dist. 

Elcv. 

Dist. 

Elev. 

• 

o.  .  . 

99  51 

6.96 

99.24 

8.68 

98.91 

10.40 

98.51 

12.10 

2  .  .  . 

9951 

7.02 

99  23 

8.74 

98.90 

10.45 

98.50 

12.15 

4.  . 

99  50 

7-07 

99.22 

8.80 

98.88 

10.51 

98.48 

12.21 

6.  .  . 

99-49 

7   T3 

99.21 

8.85 

98.87 

10.57 

98.47 

12.26 

8.  .  . 

99.48 

7.19 

99.20 

8.91 

98.86 

10.62 

98.46 

12.32 

10... 

99-47 

7.25 

99.19 

8.97 

98.85 

10.68 

98.44 

12.38 

12.  .  . 

99.46 

7  30 

99.18 

9  03 

98.83 

10.74 

98.43 

12.43 

14.  . 

99  46 

7-36 

99   17 

9.08 

98.82 

10.79 

98.41 

12.49 

t6.  .  . 

99  45 

742 

99   '6 

9   14 

98.81 

10.85 

98.40 

12.55 

18.  .  . 

99  44 

7.48 

99   15 

9.20 

98.80 

10.91 

98.39 

12.60 

20.  .  . 

99  43 

7-53 

99.14 

9  25 

98.78 

10.96 

98.37 

12.66 

22.  .  . 

99.42 

7  59 

99   13 

9  31 

98.77 

II  .02 

98.36 

12.72 

24.  .  . 

99.41 

7-65 

99.11 

9  37 

98.76 

11.08 

98.34 

12.77 

26.  .  . 

99  40 

7.71 

99.10 

9-43 

98.74 

II. 13 

98.33 

12.83 

28.  .  . 

99-39 

7-76 

99.09 

9.48 

98-73 

II. 19 

98.31 

12.88 

30..  . 

99  38 

7.82 

99.08 

9-54 

98.72 

11.25 

98.29 

12.94 

32.  .  . 

99.38 

7.88 

99.07 

9.60 

98.71 

11.30 

98.28 

13.00 

34    •  . 

99  37 

7  94 

99.06 

9  65 

98.69 

11.36 

98.27 

1305 

36... 

99  36 

7-99 

99  05 

9.71 

98.68 

11.42 

98.25 

13.11 

38... 

99  35 

8.05 

99.04 

9  77 

98.67 

11.47 

98.24 

13.17 

40.  .  . 

99.34 

8. II 

99.03 

9.83 

98.65 

11-53 

98.22 

13.22 

42.  .  . 

99-33 

8.17 

99.01 

9.88 

98.64 

11.59 

98.20 

13.28 

44.  .  . 

99  32 

8.22 

99.00 

9  94 

98.63 

II  .64 

98.19 

13.33 

46... 

99  31 

8.28 

98.99 

10.00 

98.61 

II  .70 

98.17 

13.39 

48... 

99  30 

8.34 

98.98 

10.05 

98.60 

11.76 

98.16 

13.45 

50... 

99.29 

8.40 

98.97 

10.  II 

98.58 

II. 81 

98.14 

13.50 

52... 

99.28 

8.45 

98.96 

10.17 

98.57 

11.87 

98.13 

13.56 

54-.. 

99.27 

8.51 

98.94 

10.22 

98.56 

11.93 

98.  II 

13.61 

56... 

99.26 

8.57 

98.93 

10.28 

98.54 

11.98 

98. 10 

13.67 

58.  • 

99-25 

8.63 

98.92 

10.34 

98.53 

12.04 

98.08 

13.73 

60..  . 
0.75 

I.OO 

125 

99.24 

8.68 

98.91 

10.40 

98.51 

12. 10 

98.06 

13-78 

0-75 

0.06 

0-75 

0.07 

0-75 

0.08 

0.74 

0. 10 

1 .00 

0.08 

0.99 

0.09 

0.99 
1 .24 

0.  II 

0-99 

0.13 

1-25 

0. 10 

1.24 

0.  II 

O.I4 

1.24 

0. 16 
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TABLE   ' 

V. — Continued 

Horizontal  Distances  and 

Elevations  prom  Stadia  Readings 

Minutes. 

8** 

9^ 

• 

ir 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

DUt. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

o.  .  . 

98.06 

13   78 

97-55 

15-45 

96.98 

17.10 

96.36 

18.73 

2.  .  . 

98.05 

13  84 

97.53 

15-51 

96.96 

17.16 

96.34 

18.78 

4-  .  • 

98.03 

13-89 

97  52 

15-56 

96.94 

17.21 

96.32 

18.84 

6... 

98.01 

»3  95 

97.50 

15.62 

96.92 

17.26 

96.29 

18.89 

8... 

98.00 

14.01 

97-48 

15-67 

96.90 

17.32 

96.27 

18.95 

lO.  .  . 

97.98 

14.06 

97.46 

15-73 

96.88 

'7-37 

96.25 

19.00 

12.  .  . 

97  97 

14.12 

97-44 

15   78 

96.86 

17.43 

96.23 

'9  05 

14-  . 

97  95 

14   17 

97  43 

15  84 

96.84 

17.48 

96.21 

19.  II 

i6.  .  . 

97-93 

14.  2J 
14.28 

97  41 

15  89 

96.82 

'7  54 

96.18 

19.16 

i8.  .  . 

97.92 

97.39 

15  95 

96.80 

17  59 

96.  16 

19.21 

20.  .  . 

97.90 

14-34 

97  37 

16.00 

96.78 

17.65 

96.14 

19.27 

22.  .  . 

97.88 

14.40 

97-35 

16.06 

96.76 

17.70 

96. 12 

19  32 

24.  .  . 

97  87 

14  45 

97  33 

16.  II 

96.74 

17.76 

96.09 

19  38 

26.  .  . 

9785 

14.51 

97-3^ 

16. 17 

96.72 

17.81 

96.07 

»9  43 

28.  .  . 

97  83 

14.56 

97  29 

16.22 

96.70 

17.86 

96.05 

19.48 

30... 

97.82 

14.62 

97.28 

16.28 

96.68 

17.92 

96.03 

19.54 

32... 

97.80 

14.67 

97.26 

16.33 

96.66 

17.97 

96.00 

19  59 

34-.. 

97.78 

14.73 

9724 

16.39 

96.64 

18.  Ol 
18.08 

95  98 

19.64 

36.  .  . 

97  76 

14  79 

97.22 

16.44 

96.62 

95  96 

19.70 

38... 

97-75 

14.84 

97.20 

16.50 

96.60 

18.14 

95.93 

'9  75 

40.  .  . 

97.73 

14.90 

97.18 

16.55 

96.57 

18.19 

95.91 

19.60 

42.  .  . 

97-71 

14  95 

97.16 

16.61 

96.55 

18.24 

95.89 

19.86 

44.  .  . 

97.69 

15  01 

97 -M 

16.66 

96.53 

18.30 

95.86 

19.91 

40.  .  . 

97.68 

15.06 

97.12 

16.72 

96.51 

18.35 

95  84 

19.96 

48.  .  . 

97.66 

15  " 

97.10 

16.77 

96.49 

18.41 

95  82 

20.03 

50... 

97.64 

15-17 

97.08 

16.83 

96.47 

18.46 

95-79 

20.07 

52.-. 

97.62 

15.23 

97.06 

16.88 

96.45 

18.51 

95.77 

20. 12 

54    •• 

97.61 

15  28 

97.04 

16.94 

96.42 

18.57 

95  75 

20.18 

56.  .  . 

97.59 

15.34 

97.02 

16.99 

96.40 

[8.62 

95  72 

20.23 

58.  • 

97-57 

15  40 

97.00 

17.05 

96.38 

18.68 

95  70 

20.28 

60.  .  . 

c+f- 
0-7S 

I.OO 

1-25 

97-55 

15.45 

96.98 

17.10 

96.36 

18.73 

95  68 

20.34 

0.74 

O.II 

0.74 

0.12 

0.74 

0. 14 

0.73 

0  15 

0.99 

0.15 

0.99 

0.16 

0.98 

0.18 

0.98 

0.20 

1-23 

0.18 

I   23 

0.21 

1.23 

0.23 

1 .22 

0.25 
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TABLE   V.^^onHnued 
Horizontal  Distances  and  Elevations  prom  Stadia  Readings 


Minutes. 

12** 

ly 

14<> 

15** 

Hot. 

Diff. 

Hor. 

Diff. 

Hot. 

Diff. 

Hor. 

Diff. 

Dist. 

Elcv. 

Dist. 

Elev. 

Dist. 

Elev. 

Dbt. 

Elcv. 

o.  .  . 

95.68 

20.34 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

a.  .  . 

9565 

20.39 

94.91 

21.97 

94.12 

23.52 

9327 

25.05 

4... 

95  63 

20.44 

94.89 

22.02 

94.09 

23.58 

93.24 

25.10 

6... 

95.61 

20.50 

94.86 

22.08 

94.07 

23  63 

93.21 

25.15 

g... 

95.58 

20.55 

94.84 

22.13 

94.04 

23.68 

93.18 

25.20 

10.  . . 

95.56 

20.60 

94.81 

22.18 

94.01 

23.73 

93.16 

25.25 

19.  .  . 

95- 53 

20.66 

94.79 

22.23 

93  98 

23.78 

93.13 

25.30 

14... 

95  51 

20.71 

94.76 

22.28 

93.95 

23  83 

93.10 

25.35 

16.  .  . 

95.49 

20.76 

94.73 

22.34 

93.93 

23.88 

93.07 

25.40 

18..  . 

95.46 

20.81 

94.71 

22.39 

93.90 

23 -93 

93.04 

25.45 

20.  .  . 

95.44 

20.87 

94.68 

22.44 

93.87 

23 -99 

93.01 

25.50 

23.  .  . 

95.41 

20.92 

94.66 

22.49 

93.84 

24.04 

92.98 

25.55 

24... 

95  39 

20.97 

94.63 

22.54 

93.81 

24.09 

92.95 

25.60 

26.  .  . 

9536 

21.03 

94.60 

22.60 

93.79 

24.14 

92.92 

25.65 

28.  .  - 

95.34 

21.08 

94.58 

22.65 

93.76 

24.19 

92.89 

25.70 

30... 

95.32 

21.13 

94.55 

22.70 

93.73 

24.24 

92.86 

25.75 

32... 

95.29 

21. t8 

94.52 

22.75 

93.70 

24.29 

92.83 

25.80 

34... 

95.27 

21 .24 

94.50 

22.80 

93.67 

24.34 

92.80 

25.85 

36..  . 

95.24 

21 .29 

94.47 

22.85 

93.65 

24.39 

92.77 

25.90 

38.. 

95.22 

21.34 

9444 

22.91 

93.62 

24.44 

92.74 

25.95 

40... 

95.19 

21.39 

94.42 

22.96 

93.59 

24.49 

92.71 

26.00 

1 

!    42... 

95. '7 

21.45 

94-39 

23.01 

93.56 

24.55 

92.68 

26.05 

,    44... 

95.14 

21.50 

94.36 

23.06 

93 .  53 

24.60 

92.65 

26. 10 

1    46... 

95.12 

21.55 

94.34 

23.11 

93.50 

24.65 

92.62 

26.15 

48.  .. 

95.09 

21 .60 

94.31 

23.16 

93.47 

24.70 

•   Q2.59 

26.20 

50... 

95.07 

21 .66 

94.28 

23.22 

93-45 

24.75 

92,56 

26.25 

5a-.. 

95.04 

21 .71 

94.26 

23.27 

93  42 

24.80 

92.53 

26.30 

54... 

95.02 

21 .76 

94.23 

23.32 

93.39 

24.85 

92.49 

26.35 

56.. . 

94-99 

21.81 

94.20 

23.37 

9336 

24.90 

92.46 

26.40 

58-.. 

94.97 

21.87 

94.17 

23.42 

93.33 

24.95 

92.43 

26.45 

60... 
0.75 

I.OO 

125 

94.94 

21.92 

94.15 

23.47 

93.30 

25.00 

92-40 

26.50 

0.73 

0.16 

0.73 

0.17 

0.73 

0.19 

0.72 

0.20 

0.98 

0.22 

0.97 

0.23 

0.97 

0.25 

0.96 

0.27 

1.22 

0.27 

1. 21 

0.29 

1. 21 

0.31 

1.20 

0.34 
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TABLE   Y,— Continued 
Horizontal  Distances  and  Elevations  t»rom  Stadia  Readings 


16^ 

17^ 

18* 

19* 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Kiev. 

Dist. 

Elev. 

O.  .  . 

92.40 

26.50 

91-45 

27.96 

90.45 

2939 

89.40 

30.78 

2.  .  . 

92.37 

26.55 

91.42 

28.01 

90.42 

29.44 

89.36 

30.83 

4.  .  . 

92.34 

26.59 

91.39 

28.06 

90.38 

29.48 

89.33 

30.87 

6... 

92.31 

26.64 

9135 

28. ID 

90.35 

2953 

89.29 

30.92 

8... 

92.28 

26.69 

91   32 

28.15 

90.31 

29.58 

89.26 

30.97 

10.  .  . 

92.25 

26.74 

91.29 

28.20 

90.28 

29.62 

89.22 

31.01 

12.  .  . 

92.22 

26.79 

91 .26 

28.25 

90.24 

29.67 

89.18 

31.06 

14.  .  . 

92.19 

26.84 

91 .22 

28.30 

90.21 

29.72 

89.15 

31.10 

16.  .  . 

92.15 

26.89 

91.19 

28.34 

90.18 

29.76 

89.11 

3i'5 

18... 

92.  12 

26.94 

91 .  16 

28.39 

90.14 

29.81 

89.08 

3119 

20.  .  . 

92.09 

26.99 

91 .12 

28.44 

90.11 

29.86 

89.04 

3^24 

22.  .  . 

92.06 

27.04 

91.09 

28.49 

90.07 

29.90 

89.00 

31.28 

24.  .  . 

92.03 

27.09 

91 .06 

28.54 

90.04 

2995 

88.96 

31 -33 

26.  .  . 

92.00 

27    '3 

91 .02 

28.58 

90.00 

30.00 

88.93 

31  38 

28.  .  . 

91.97 

27.18 

90.99 

28.63 

89.97 

30.04 

88.  8q 

3»-42 

30.  .  . 

91.93 

27.23 

90.96 

28.68 

89 -93 

30.09 

88.86 

31-47 

32... 

91.90 

27.28 

90. 9i 

28.73 

89.90 

30.14 

88.82 

31   5' 

34-  . 

91.87 

2733 

90.80 

28.77 

89.86 

30.19 

88.78 

3156 

36... 

91.84 

2738 

90.86 

28.82 

89.83 

30.23 

88.75 

31.60 

38.- 

91.81 

27  43 

90.82 

28.87 

89.79 

30.28 

88.71 

3»-6s 

40.  . 

91.77 

27.48 

90.79 

28.92 

89.76 

3032 

88.67 

31  69 

42.  .  . 

91   74 

27.52 

90.76 

28.96 

89.72 

30.37 

88.64 

31-74 

44    •  • 

91.71 

2757 

90.72 

29.01 

89.69 

30.41 

88.60 

31.78 

46... 

91.68 

27.62 

90.69 

29.06 

89.65 

30.46 

88.56 

31.83 

48... 

91.65 

27.67 

90.66 

29.  II 

89.61 

30.51 

88.53 

3'. 87 

50... 

91 .61 

27.72 

90.62 

2915 

89.58 

30.55 

88.49 

31.92 

52..  . 

91.58 

2777 

90.59 

29.20 

89.54 

30.60 

88.45 

31.96 

54.. 

91.55 

27.81 

90.55 

29.25 

89.51 

30.65 

88.41 

32.01 

56... 

91.52 

27.86 

90.52 

29.30 

89  47 

30.69 

88.38 

32.05 

58... 

91.48 

27.91 

QO.48 

29  34 

89.44 

30.74 

88.34 

32.09 

60.  .  . 
0.75 

I.OO 

125 

91.45 

27.96 

90.45 

29.39 

89.40 

30.78 

88.30 

32.14 

0  72 
0.96 

0.2I 

0.72 
0.95 

0.23 

0.71 

0.24 

0.71 

0.25 

'       0.28 

0-35 

0.30 
0.38 

0.95 
1. 19 

0.32 
0.40 

0.94 

0-33 

1 .20 

1 .  19 

1. 18 

0.42 , 
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TABLE   v.— Continued 
Horizontal  Distances  and  Elevations  from  Stadia  Readings 


%  J  *           ^ 

20° 

21° 

22° 

23° 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

O.  .  . 

88.30 

32.14 

87.16 

33.46 

85.97 

34.73 

84.73 

35.97 

2.  .  . 

88.26 

32.18 

87.12 

33.50 

85.93 

34.77 

84.69 

36.01 

4.  .  . 

88.23 

32.23 

87.08 

33.54 

85.89 

34.82 

84.65 

36.05 

6.  .  . 

88.19 

32.27 

87.04 

33-59 

85.85 

34.86 

84.61 

36.09 

8.  .. 

88.15 

32.32 

87.00 

33  63 

85.80 

34  90 

84.57 

36.13 

10.  .  . 

88.11 

32.3^ 

86.96 

33.67 

85   76 

34.94 

84.52 

36.17 

12.  .  . 

88.08 

32.41 

86.92 

33.72 

85.72 

34.98 

84.48 

36.21 

14.  .  . 

88.04 

32.45 

86.88 

3376 

85.68 

35.02 

84.44 

36.25 

16.  .  . 

88.00 

32.49 

86.84 

33.80 

85.64 

35.07 

84.40 

36.29 

18..  . 

87.96 

32.54 

86.80 

33.84 

85.60 

35.11 

84.35 

36.33 

20.  .  . 

87 -93 

32.58 

86.77 

33.89 

85-56 

35.15 

84.31 

36.37 

22 .  .  . 

87.89 

32.63 

86.73 

33-93 

8552 

35.19 

84.27 

36.41 

24.  .  . 

8785 

32.67 

86.69 

33-97 

85.48 

3523 

84.23 

36.45 

26.  .  . 

87.81 

32.72 

86.65 

34.01 

85.44 

35.27 

84.18 

36.49 

28... 

«7-77 

32.76 

86.61 

34.06 

85.40 

35.31 

84.14 

36.53 

30... 

87 -74 

32.80 

86.57 

34.10 

85-36 

35.36 

84. 10 

36.57 

32..  . 

87.70 

32.85 

86.53 

34.14 

85-31 

35.40 

84.06 

36.61 

34-  .  . 

87.66 

32.89 

86.49 

34.18 

85-27 

35. 44 

84.01 

36.65 

36... 

87.62 

32.93 

86.45 

34.23 

85 -23 

35.48 

8397 

36.69 

38... 

87  58 

32.98 

86.41 

34.27 

85.19 

35.52 

83  93 

36.73 

40... 

87 -54 

33.02 

86.37 

34.31 

85.15 

3556 

83.89 

36.77 

42.  .  . 

87.51 

33.07 

86.33 

34-35 

85.11 

35.60 

83.84 

36.80 

44    .  • 

8747 

Zi-^^ 

86.29 

3440 

85.07 

35.64 

83.80 

36.84 

46... 

8743 

33-15 

86.25 

34.44 

85.02 

35  68 

83.76 

36.88 

48... 

87-30 

33.20 

86.21 

3448 

84.98 

35-72 

83.72 

36.92 

50.  .. 

87.35 

33-24 

86.17 

34.52 

84.94 

35.76 

83.67 

36.96 

52.  .  . 

873' 

33-28 

86.13 

34.57 

84.90 

3580 

83.63 

37.00 

54.  . 

87.27 

33-33 

86.09 

34.61 

84.86 

35.85 

83.59 

37  04 

56... 

87.24 

33.37 

86.05 

34  65 

84.82 

35.89 

83.54 

37.08 

58-.  • 

87.20 

33-41 

86.01 

34.69 

84.77 

35.93 

83  ■  50 

37.12 

60.. 
0-75 

I.OO 

87.16 

33  46 

85.97 

34.73 

84.73 

35-97 

83.46 

37   16 

0.70 

0.26 

0.70 

0.27 

0.69 

0.29 

0.69 

0.30 

0.94 

0.35 

— 

0.44 

0.93 

0.37 
0.46 

0.92 

0.38 

0.92 

0.40 

1. 17 

1. 16 

1. 15 

0.48 

I.T5 

0.50 
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TABLE   V.—Continued 
Horizontal  Distances  and  Elevations  from  Stadia  Readings 


184«» 

35° 

W 

2T 

Minutes. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Hor. 

Diff. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

Dist. 

Elev. 

o.  .  . 

83.46 

37-16 

82.14 

38.30 

80.78 

3940 

79.39 

40.45 

2.  .  . 

83.41 

37.20 

82.09 

38.34 

80.74 

39.44 

79.34 

40.49 

4... 

83.37 

37.23 

82.05 

38.38 

80.69 

39.47 

79-30 

40.52 

6... 

83.33 

3727 

82.01 

38.41 

80.65 

39.51 

7925 

40.55 

8... 

83.28 

37.31 

81.96 

38.45 

80.60 

39-54 

79.20 

40.59 

10.  .  . 

83.24 

37-35 

81.92 

38.49 

80.55 

39.58 

79.15 

40.62 

13.  .  . 

83.20 

37-39 

81.87 

38.53 

80.51 

3961 

79.11 

40.66 

14... 

83.15 

37-43 

81.83 

38.56 

80.46 

39.65 

79.06 

40.69 

16.  .  . 

83.11 

37.47 

81.78 

38.60 

80.41 

39.69 

79.01 

40.72 

18... 

83.07 

37.51 

81.74 

38.64 

80.37 

39.72 

78.96 

40.76 

20.  .  . 

83.02 

37.54 

81.69 

38.67 

80.32 

39.76 

78.92 

40.79 

22.  .  . 

82.98 

37.58 

81.65 

38.71 

80.28 

39.79 

78.87 

40.82 

24... 

82.93 

37.62 

81.60 

38.75 

80.23 

39.83 

78.82 

40.86 

26.  .  . 

82. 8q 

37.66 

81.56 

38.78 

80.18 

39.86 

78.77 

40.89 

28.  .  . 

82.85 

37.70 

81.51 

38.62 

80.14 

39.90 

78.73 
78.68 

40.92 

30... 

82.80 

37.74 

81.47 

38.86 

80.09 

39.93 

40.96 

32-.. 

82.76 

37.77 

81.42 

38.89 

80.04 

39.97 

78.63 

40.99 

34... 

82.72 

37.81 

81.38 

38.93 

80.00 

40.00 

78.58 

41 .02 

36. .  . 

82.67 

3785 

81.33 

38.97 

79.95 

40.04 

78.54 

41.06 

38... 

82.6^ 

37.89 

81.28 

39.00 

79.90 

40.07 

78.49 

41.09 

4P..- 

82.58 

37-93 

81.24 

39.04 

79.86 

40.11 

78.44 

41  .12 

42..  . 

82.54 

37.96 

81.19 

39.08 

79.81 

40.14 

78.39 

41.16 

44.  .  . 

82.49 

38.00 

81.15 

39." 

79.76 

40.18 

78.34 

41.19 

46.  .  . 

82.45 

38.04 

81.10 

39.15 

79.72 

40.21 

78.30 

41  .22 

48.  .  . 

82.41 

38.08 

81.06 

39   18 

79.67 

40.24 

78.25 

41  .26 

50... 

82.36 

38.11 

81.01 

39.22 

79.62 

40.28 

78.20 

41.29 

52. •• 

82.32 

38.15 

80.97 

39.26 

79.58 

40.31 

78.15 

41.32 

54... 

82.27 

38.19 

80.92 

3929 

79.53 

40.35 

78.10 

41.35 

56.  .  . 

82.23 

38.23 

80.87 

39.33 

79.48 

40.38 

78.06 

41.39 

58... 

82.18 

38.26 

80.83 

39.36 

79  44 

40.42 

78.01 

41.42 

60.  .  . 
0.75 

I.OO 

125 

82.14 

38.30 

80.78 

39.40 

79.39 

40.45 

77.96 

41.45 

0.68 

0.31 

0.68 

0.32 

0.67 

0.33 

0.66 

0.35 

0.91 

0.41 

0.90 

0.43 

0.89 

0.45 

0.89 

0.46 

1. 14 

0.52 

1. 13 

0.54 

1. 12 

0.56 

I. II 

0.58  ! 

1 
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TABLE    V,— Continued 
Horizontal  Distances  and  Elevations  from  Stadia  Readings 


Minutes. 


o 

a 

4 

6 

8 

lO 

12 

14 

i6 

i8 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

5^ 

58 

do 

r-f/-o.75 

r-f/^  1 .00 

r+/=i.25 


38' 


Hor. 
Dist. 


96 

91 
86 
81 

77 
•72 

.67 
.62 

•57 
•52 
•48 

.42 

•38 

33 
•28 

23 


.18 

13 
.09 

.04 

6.99 

6.94 
6.89 

6.84 

6.79 

6.74 

6 .  69 
6 .  64 

f>    5*) 

6-55 
6.50 


0.66 


Diflf. 
Elev. 


41.45 
41.48 

41    52 

4155 

41.58 
41  .61 

41  65 
41.68 
41  .71 
41  .74 

4177 

41  .81 
41-84 
41.87 
41.90 

41  -93 

41  .97 

42  .00 
42.0,:? 
42  .06 
42.09 

42  .  I  2 

42  15 
42.  19 

42  .  22 

42.25 

42  .  28 

42.31 

42.34 

42.37 
42.40 


29' 


0.88 


1 .  10 


0 

36 

0 

.48 

0 

60 

Hor. 
Dist. 


6 
6 
6 
6 
6 
6 


50 

45 
40 

35 
30 
25 


6.20 
6.15 
6 .  10 
6.05 
6.00 

5-95 

5   90 

5  85 
5.80 

5-75 

'^.70 

5-^'5 
5  •  f'O 

5-55 
5   50 

5-45 
5   40 

5  35 
5  30 
525 

5.20 

5    15 

510 

5  05 
5  .00 


0 

•^^s 

0 

•87 

I 

.09 

Diflf. 
Elev. 


42  .40 

42.43 
42  .46 

42.49 

42.53 
42.56 

42.59 
42  .62 

42.65 

42.68 

42.71 

42.74 

42.77 
42  .80 

42.83 

42.86 

42.89 
42.92 
42.05 
42.08 

4301 


43 
43 
43 
43 
43 


04 

07 
10 

13 
16 


43    18 
43    2 1 

43    24 

43-27 

43    30 


30° 


0 

37 

0 

49 

0 

62 

Hor. 
Dist. 


75  00 

74.95 

74.90 

74.85 

74.80 

74-75 

74  70 

74.65 

74.60 

74.55 

74  49 

74.44 

74  39 

74  34 

74.29 

74.24 

74.19 

74  14 

74.09 

74.04 

73  99 

73  93 

73.88 

73  •  83 

73  78 

73-73 

73.68 

73-63 

73  •  58 

73-52 

73-47 

0.65 

0.86 

I  .08 

Diff. 
Elev. 


43 
43 
43 
43 
43 
43 

43 

43 

43. 

43 

43 

43 
43 
43 
43 
43 

43 
43 
43 
43 
43 

43 
43 
43 
43 
44 

44 
44 
44 
44 
44 


30 
33 
36 

39 
42 

45 

47 
50 
53 
56 
59 

62 

65 
67 
70 
73 

76 

79 
82 

84 
87 

90 

93 
95 
98 
01 

04 
07 

09 
12 

15 
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TABLE    Vl.~<-,'„li>iac,l 


TABLES 


863 


TABLE    Vll 


Natural  Tangents  and 

Cotangents 

0 

0» 

1* 

a** 

.  3<» 

60 

Tang 

Cotang 

Tang 

(k>tang 
57.2900 

Tang 

Cotang 

Tang 

Cotang 

.00000 

Infinite. 

.01746 

.03492 

28.6363 

.06241 

19.0811 

1 

.00029 

3437.75 

.01775 

56.3500 

.03521 

28.3994 

.05270 

18.9765 

69 

2 

.00053 

1718.87 

.01804 

55.4415 

.03550 

28.1604 

.05299 

18.8711 

58 

3 

.00087 

1145.92 

.01833 

54.5613 

.03579 

27.9372 

.05328 

18.7078 

57 

4 

.00116 

859.430 

.01862 

53.7086 

.03609 

27.7117 

.05357 

18.6656 

56 

• 

0 

.00145 

687.549 

.01891 

52.8S21 

.03638 

27.4«99 

.05387 

18.5645 

56 

a 

.00175 

572.957 

.01920 

52.0807 

.a3667 

27.2716 

.05416 

18.4645 

64 

7 

.00204 

401.106 

.01949 

51.3032 

.03690 

27.0566 

.05145 

18.3656 

53 

8 

.00233 

429.718 

.01978 

50.5485 

.03725 

26.8450 

.05474 

18.2077 

52 

9 

.00262 

381.971 

.02007 

49.8157 

.03754 

20.6?67 

.05503 

18.170S 

51 

10 

.00291 

343.774 

.02036 

49.1039 

.03783 

26.4316 

.05533 

18.0750 

60 

11 

.00320 

312.521 

.02066 

48.4121 

.03812 

26.2296 

.05662 

17.9802 

49 

12 

.00349 

286.478 

.02095 

47.7395 

.03842 

26.0307 

.05591 

17.8863 

48 

13 

.00378 

264.441 

.02124 

47.0853 

.03871 

26.8348 

.05620 

17.7934 

17 

14 

.00^407 

245.552 

.02153 

46.4489 

.03900 

26.6418 

.05649 

17.7016 

46 

15 

.00436 

229.182 

.02182 

45.8294 

.0:<929 

25.4517 

.05678 

17.6106 

46 

13 

.00465 

214.S58 

.02211 

45.2261 

.03058 

26.2644 

.05708 

17.5206 

44 

17 

.00495 

202.219 

.02240 

44.6386 

.03987 

26.0798 

.06737 

17.4314 

43 

18 

.00524 

190.984 

.02269 

44.0661 

.04016 

24.8978 

.05766 

17.3432 

42 

19 

.00553 

180.932 

..02298 

43.5081 

.040-16 

24.7186 

.05795 

17.2558 

41 

20 

.00582 

171.885 

.023.'» 

42.9641 

.04075 

24.6418 

.05824 

17.1093 

40 

21 

.00611 

168.700 

.02357 

42.4335 

.04104 

24.8676 
24.1957 

.05864 

17.0837 

39 

22 

.00640 

156.250 

.02386 

41.9158 

.04133 

.05883 

16.9990 

38 

23 

.00609 

149.465 

.02415 

41.4106 

.01162 

24.0263 

.05912 

16.9160 

37 

24 

.00698 

143.237 

.02444 

40.9174 

.04191 

23.8593 

.05941 

16.8319 

36 

25 

.00727 

137.607 

.02473 

40.4358 

.04220 

23.6946 

.05970 

16.7496 

36 

26 

.00756 

132.219 

.02502 

39.9055 

.04250 

23.5321 

.05999 

16.0681 

34 

27 

.00785 

127.321 

.02531 

39.5059 

.04279 

23.3718 

.06029 

16.6874 

33 

28 

.00815 

122.774 

.02500 

39.a568 

.04308 

23.2137 

.06068 

16.5075 

32 

29 

.00844 

118.540 

.02589 

38.6177 

.04337 

23.0577 

.06087 

16.4283 

81 

30 

.00873 

114.589 

.02619 

38.1885 

.04366 

22.9038 

.06116 

16.3499 

30 

31 

.00902 

110.802 

.02648 

37.7686 

:04305 

22.7619 

.06145 

16.2722 

29 

32 

.00931 

107.42'^ 

.02677 

37.3579 

.04424 

22.6020 

.06176 

16.1952 

28 

33 

.00960 

104.171 

.02706 

36.9500 

.04454 

22.4641 

.06204 

16.1190 

27 

34 

.00989 

101.107 

.02735 

36.5G27 

.04483 

22.3081 

.06233 

16.0435 

26 

35 

.01018 

98.2179 

.02764 

36.1776 

.04512 

22.1640 

.06262 

16.9687 

25 

36 

.01047 

05.4F95 

.02793 

35.8000 

.04541 

22.0217 

.06291 

16.8945 

24 

37 

.01076 

92.9085 

.02822 

35.4313 

.04570 

21.8813 

.06321 
.06350 

15.8211 

23 

38 

.oiia5 

90.4633 

.02851 

35.0605 

.04599 

21.7420 

15.7483 

22 

39 

.01135 

88.1436 

.02881 

34.7151 

.04628 

21.6056 

.06379 

16.6762 

21 

40 

.01164 

85.9398 

.02910 

34.3678 

.04658 

21.4704 

.06408 

16.6048 

20 

41 

.01193 

33.8435 

.02939 

34.0273 

.04687 

21.3369 

.06437 

16.5340 

19 

42 

.01222 

81.S470 

.02968 

33.0936 

.(M716 

21.2049 

.00167 

15.4638 

18 

43 

.01251 

79.9434 

.02997 

33.3662 

.04746 

21.0747 

.06496 

15.3043 

17 

4i 

.01280 

78.1263 

.03026 

33.0452 

.04774 

20.0460 

.06525 

16.3254 

16 

45 

.01309 

76.3900 

.03055 

32.7303 

.(M803 

20.8188 

.06564 

16.2571 

16 

46 

.0133S 

74.7292 

.03084 

32.4213 

.(H833 

20.6932 

.06584 

16.1893 

14 

47 

.01367 

73.1390 

.03114 

32.1181 

.04862 

20.6691 

.06613 

16.1222 

13 

48 

.01396 

71.6151 

.03143 

31.82a5 

.(MS91 

20.4466 

.06642 

16.0657 

12 

49 

.01425 

70.1533 

.03172 

31.5284 

.04920 

20.3253 

.06671 

14.9898 

11 

50 

.01455 

68.7501 

.03201 

31.2416 

.(M949 

20.2056 

.06700 

14.9244 

10 

51 

.01484 

67.4019 

.03230 

30.9590 

.04978 

20.0872 

.06730 

14.8696 

9 

52 

.01513 

66.1055 

.03259 

30.6833 

.05007 

19.9702 

.06759 

14.7954 

8 

53 

.01542 

64.8580 

.03288 

30.4116 

.05037 

19.8516 

.06788 

14.7317 

7 

54 

.01571 

63.6567 

.03317 

30.1446 

.05060 

19.7403 

.06817 

14.6685 

6 

55 

.01600 

62.4992 

.03346 

29.8823 

.05005 

19.6273 

.06847 

14.6059 

6 

56 

.01629 

61.3829 

.08376 

29.6245 

.05124 

19.5156 

.06876 

14.6438 

4 

57 

.01658 

00.3068 

.03405 

29.3711 

.05153 

19.1051 

.06905 

14.4823 

3 

5S 

.01687 

50.2659 

.03434 

29.1220 

.05182 

19.2959 

.06934 

14.4212 

2 

59 

.01716 

58J2612 

.03468 

28.8771 

.05212 

19.1879 

.06963 

14.3607 

1 

60 

.01746 

57.2900 

.03492 
Cotang 

28.6363 

.05241 

19.0811 

.06993 

14.3007 

0 

Cotanfc 

Tang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

SB"     1 

88**    1 

S?**     ' 

SO" 
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SURVEYING 


TABLE    VII.~^t;«/mwt'(/ 
Natural  TANOJiNTti  and  Cotangents 


f 

0 

i'' 

»«» 

«*» 

7* 

60 

Taog 

Cotang 

Taog 

Cotang 

Taog 

Cotang 

Taog 

Cotang 

X)6998 

14.3007 

.08749 

11.4801 

.-10610 

9.51486 

.12278 

8.14485 

1 

.07022 

14.2411 

.08778 

11.3919 

.10540 

9.48781 

.12308 

8.12481 

59 

2 

.07051 

14.1821 

.08807 

11.3540 

.10560 

9.46141 

.12338 

8.10536 

58 

3 

.07080 

14.1235 

.08837 

11.3163 

.10599 

9.43515 

.12367 

8.08600 

57 

4 

.07110 

14.0655 

.06866 

11.2789 

.10628 

9.40904 

.12397 

8.06674 

56 

5 

.07139 

14.0079 

.08895 

11.2417 

.10657 

9.38307 

.12426 

8.04756 

55 

6 

.07168 

13.9507 

.08025 

11.2048 

.10687 

9.35724 

.12456 

8.02848 

54 

7 

.07197 

13.8940 

.06954 

11.1681 

.10716 

9.33155 

.12485 

8.00948 

53 

8 

.07227 

13.8378 

.069S3 

11.1316 

.10746 

9.30599 

.12515 

7.99058 

52 

9 

.07256 

13.7821 

.09013 

11.0954 

.10775 

9.28038 

.12544 

7.97176 

51 

10 

.07285 

13.7267 

.09042 

11.0594 

.10805 

9J25530 

.12574 

7.95302 

50 

11 

miu 

18.6719 

.09071 

11.0237 

.10834 

9.23016 

.12603 

7.08438 

49 

12 

.07344 

13.6174 

.09101 

10.9882 

.10«63 

9.20516 

.12633 

7.91582 

48 

13 

.07373 

13.5684 

.09130 

10.9529 

.10893 

0.18028 

J2662 

7.89734 

47 

14 

.07402 

13.5098 

.09159 

10.9178 

.10922 

9.15554 

.12092 

7.87895 

46 

15 

.07431 

13.4566 

.09189 

10.8829 

.10952 

9.13093 

.12722 

7J16064 

45 

16 

.07461 

13.4039 

.09218 

10.8483 

.10981 

9.10646 

.12751 

7.84242 

44 

17 

.07490 

13.8515 

.09247 

10.8139 

aioii 

.11040 

9.08211 

.12781 

7.82428 

43 

18 

.07519 

13.2996 

.09277 

10.7797 

9.05789 

.12810 

7.80622 

42 

10 

.07548 

13.2480 

.09306 

10.7457 

.11070 

9.03379 

.12840 

7.78825 

41 

20 

.07578 

13.1960 

.09335 

10.7119 

.11009 

9.00983 

.12869 

7.77035 

40 

21 

.07607 

18.1461 

.09365 

10.6783 

.11128 

8.98508 

.12899 

7.75264 

39 

22 

.07636 

13.0958 

.09394 

10.6450 

.11158 

8.96227 

.12929 

7.73480 

38 

23 

.07665 

13.0458 

.09423 

10.6118 

.11187 

8.93867 

.12958 

7.71715 

37 

24 

.07605 

12.9962 

.09453 

10.5789 

.11217 

8.91520 

.12988 

7.69957 

36 

25 

.07724 

12.9460 

.09482 

10.5462' 

.11246 

8.89185 

.18017 

7.68208 

35 

26 

.07753 

12.8981 

.09511 

10.5136 

.11276 

8.86862 

.13047 

7.66466 

34 

27 

.07782 

12.8496 

.09541 

10.4813 

.11305 

8.84551 

.18076 

7.64732 

33 

28 

.07812 

12.8014 

.09570 

10.4491 

.11335 

8.82252 

.18106 

7.68005 

32 

29 

.07841 

12.7536 

.09600 

10.4172 

.11364 

8.79964 

.13136 

7.61287 

31 

30 

.07870 

12.7062 

.09629 

10.3854 

.11394 

8.77689 

.13165 

7.69575 

30 

ai 

.07800 

12.6501 

.09658 

10.3538 

.11423 

8.76425 

.18195 

7.67872 

29 

32 

.07929 

12.6124 

.09688 

10.3224 

.11452 

S.73172 

.18224 

7.56176 

23 

S3 

.07958 

12.5660 

.09717 

10.2913 

.11482 

8.70981 

.13254 

7.54487 

27 

84 

.07987 

12.5199 

.09746 

10.2002 

.11511 

8.68701 

.13284 

7.52806 

26 

35 

.08017 

12.4742 

.09776 

10.2294 

.11541 

8.66482 

.13313 

7.51132 

25 

36 

.08046 

12.4288 

.09805 

10.1988 

.11570 

8.64276 

.18343 

7.49465 

24 

37 

.08075 

12.383S 

.09834 

10.1683 

.11600 

8.62078 

.13372 

7.47806 

23 

38 

.08104 

12.3390 

.09864 

10.1381 

.11629 

8.59893 

.13402 

7.46154 

22 

39 

.08134 

12.2946 

.09893 

10.1080 

.11659 

8.57718 

.13432 

7.44509 

21 

40 

.08163 

12.2505 

.09923 

10.0780 

.11688 

8.55555 

.13461 

7.42871 

20 

41 

.08192 

12.2067 

.09952 

10.0483 

.11718 

8.53402 

.13491 

7.41240 

19 

42 

.06221 

12.1632 

.09081 

10.0187 

.11747 

8.51259 

.13521 

7.39616 

18 

43 

.08251 

12.1201 

.10011 

9.98931 

.11777 

8.49128 

.18550 

7.37999 

17 

44 

.08280 

12.0772 

.10040 

9.96007 

.11806 

8.47007 

.13580 

7.36389 

m 

45 

.08309 

12.0346 

.10069 

9.93101 

.11836 

8.44896 

.13009 

7.34780 

15 

46 

.08339 

11.9923 

.10099  9.90211 

.118G5 

8.42795 

.13639 

7.38190 

14 

47 

.08368 

11.9^04 

.10128  0.87338 

.11805 

8.40705 

.13669 

7.31600 

13 

48 

.08397 

11.9087 

.10158  1  9.84482 

.11924 

8.38625 

.13698 

7.30018 

12 

49 

.08427 

11.8673 

.10187 

9.81641 

.11954 

8.36555 

.13728 

7.28442 

11 

50 

.08456 

11.8262 

.10216 

9.78817 

.11983 

8.34496 

.13758 

7.26873 

10 

51 

.0S485 

11.7853 

.10246 

9.76009 

.12013 

8.32446 

.18787 

7.25310 

9 

52 

.06514 

11.7448 

.10275 

9.73217 

.12042 

8.30400 

.18817 

7.28764 

8 

53 

.08541 

11.7045 

.10305 

9.70441 

.12072 

8JJ8376 

.13846 

7.22204 

7 

54 

.08578 

11.6645 

.10.334 

9.67680 

.12101 

8.26355 

.13876 

7.20661 

6 

55 

.08602 

11.6248 

.10363 

9.64935 

.12131 

8.24345 

.13006 

7.19125 

6 

56 

.06632 

11.5853 

.10393 

9.62205 

.12160 

8.22344 

.13935 

7.17694 

4 

57 

.08661 

11.5461 

.10422 

9.59490 

.12190 

8.203.52 

.13965 

7.16071 

3 

5S 

.08600 

11.5072 

.10452 

9.56791 

.12219 

8.18370 

.13995 

7.14563 

2 

59 

.08720 

11.4685 

.10481 

0.54106 

.12249 

8. 10.398 

.14024 

7.1S042 

1 

60 

.06749 

11.4301 

.10510 

9.51436 

.12278 

"8.14435 

.14054 

7.11587 

0 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

$ 

85"    1 

84»    1 

83" 

82'*    1 
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TABLE    VU.— Continued 


Natural  Ta 

N GENTS 

AND 

Cotang 

ENTS 

r 
0 

«• 

^ 

!©• 

!!• 

60 

"^ang 

Cotang 

Tang 

Cotang 

Tang 

.17633 

Cotang 

Tang 

Cotang 

.11054 

7.11537 

.15838 

6.31375 

5.67128 

.19438 

5.14455 

1 

.14084 

7.1003S 

.15868 

6.30189 

.17663 

5.60165 

.19468 

5.13658 

59 

2 

.14113 

7.08546 

.15898 

6.29007 

.17693 

5.65205 

.19498 

5.12862 

58 

3 

.14143 

7.07059 

.15928 

6.27829 

.17723 

5.64248 

.19520 

&12060 

57 

4 

.14173 

7.05579 

.15958 

6.26655 

.17753 

5.63295 

.19559 

5.11379 

50 

6 

.14202 

7.04105 

.15988 

6.25436 

.17783 

5.62344 

.19589 

5.10490 

56 

« 

.14232 

7.02637 

.16017 

6.24321 

.17813 

5.61397 

.19619 

5.09704 

54 

7 

.14262 

6.91174 

.16047 

6.23160 

.17843 

5.00452 

.19649 

5.08021 

53 

8 

.14291 

6.99718 

.16077 

6.22003 

.17873 

5.59511 

.19680 

5.08139 

52 

9 

.14321 

6.98268 

.16107 

G.20H51 

.17903 

5.58573 

.19710 

5.07360 

51 

10 

.14351 

6.96823 

.16137 

6.19703 

.17933 

5.57638 

.19740 

5.00584 

60 

n 

.14381 

6.95385 

.16167 

6.18559 

.17903 

5.56706 

.19770 

5.05809 

49 

12 

.14110 

6.03952 

.16190 

6.17419 

.17903 

5.55777 

.19801 

5.05037 

48 

13 

.14440 

6.92525 

.16226 

6.16283 

.18023 

5.54851 

.19831 

5.04267 

47 

14 

.14470 

6.91104 

.10256 

6.15151 

.18053 

5.53927 

.19801 

5.03499 

46 

15 

.14409 

6.89688 

.10286 

6.14023 

.18083 

5.53007 

.19891 

5.02734 

45 

16 

.14529 

6.88278  , 

.16316 

6.12899 

.18113 

5.52090 

.19921 

5.01971 

44 

17 

.14559 

6.86874  • 

.16346 

6.11779 

.18143 

5.51176 

.19952 

5.01210 

43 

18 

.14588 

6.85475 

.16376 

0.10664 

.18173 

5.50264 

.19982 

5.00451 

42 

19 

.14618 

6.840S2 

.16405 

6,09552 

.18203 

5.49356 

.20012 

4.99605 

41 

20 

.14648 

6.82694  j 

.16435 

6.0<H44 

.18233 

5.48451 

.20042 

4.98940 

40 

21 

.14678 

6.81312 

.16465 

6.07340 

.18263 

5.47548 

.30073 

4.98188 

39 

22 

.14707 

6.79936 

.16495 

6.06240 

.18293 

5.46G48 

.20103 

4.97438 

38 

23 

.14737 

6.78564 

.16525 

6.05143 

.18328 

5.45751 

.20133 

4.90690 

37 

24 

.14767 

6.77199 

.16555 

6.04051 

.18353 

5.44857 

.20164 

4.95945 

36 

25 

.14796 

6.75838 

.16585 

6.02962 

.18384 

5.43066 

.20194 

4.95201 

35 

26 

.14826 

6.74483 

.16015 

6.01878 

.18414 

5.43077 

.20224 

4.94400 

34 

27 

.14856 

6.73133 

.16045 

0.00797 

.18444 

5.42192 

.20254 

4.93721 

33 

28 

.14886 

6.71789 

.16074 

5.99720 

.18474 

5.41309 

.20285 

4.92984 

32 

29 

.14915 

6.70450 

.16704 

5.98646 

.18504 

5.40429 

.20315 

4.92249 

31 

30 

.14945 

e.69116 

.16734 

5.97576 

.18534 

5.39552 

.20345 

4.91510 

30 

31 

.14975 

6.67787 

.16764 

5.06510 

.18564 

5.38677 

.20376 

4.907S5 

29 

32 

.15005 

6.66463 

.16794 

5.95448 

.18591 

5.37805 

.20400 

4.90056 

28 

33 

.15034 

6.65144 

.16824 

5.94390 

.18624 

5.36930 

.20436 

4.89330 

27 

34 

.15064 

6.63831 

.lC8o4 

5.93335 

.18'v54 

5.30070 

.20466 

4.88605 

26 

3o 

.150^ 

6.62523 

.16H84 

6.92283 

.18084 

5.35206 

.20497 

4.S7882 

25 

36 

.15124 

6.61219 

.10914 

5.91236 

.18714 

5.34345 

.20627 

4.87162 

24 

37 

.15153 

6.59921 

.16944 

5.90191 

.18745 

5.334«7 

.20557 

4.o044^ 

23 

38 

.15183 

6.58627 

.16974 

5.S9151 

.18775 

5.32031 

.20588 

4.85737 

22 

39 

.15213 

6.57330 

.17004 

5.88114 

.I8S05 

5.31778 

.20618 

4.85013 

21 

40 

.15243 

6.56065 

.17033 

5.87080 

.18835 

5.30928 

.20648 

4.84300 

20 

41 

.15272 

6.54777 

.17063 

5.86051 

.18865 

5.30080 

.20070 

4.83500 

19 

42 

.15302 

6.53503 

.17093 

5.P5024 

.18895 

5.29235 

.20709 

4.82882 

18 

43 

.15332 

6.52234 

.17123 

5.84001 

.18925 

5.2S393 

.20739 

4.82175 

17 

44 

.15362 

6.50970 

.17153 

5.82982 

.18955 

5.27553 

.20770 

4.81471 

16 

45 

.15391 

6.49710 

.17183 

5.81966 

.18086 

5.20715 

.20800 

4.80769 

15 

46 

.15421 

6.48456 

.17213 

5.80953 

.19016 

5.25880 

.20830 

4.80068 

14 

47 

.15451 

6.47206 

.17243 

5.79944 

.19046 

5.25048 

.20861 

4.79370 

13 

48 

.15481 

6.45961 

.17273 

5.78938 

.19076 

5.24218 

.20891 

4.78673 

12 

49 

.15511 

6.44720 

.17303 

6.77936 

.19106 

5.23391 

.20021 

4.77978 

11 

50 

.15540 

6.43484 

.17333 

6.70937 

.19136 

5.22506 

.20952 

4.77286 

10 

51 

.15570 

6.42253 

.17363 

5.75941 

.19166 

5.21744 

.20082 

4.76595 

9 

52 

.15000 

6.41026 

.17393 

5.74949 

.19197 

5.20025 

.21013 

4.75906 

Q 

53 

.15630 

6.39804 

.17423 

5.73960 

.19227 

5.20107 

.21043 

4.75219 

7 

54 

.15660 

6.38687 

.17463 

5.72974 

.19257 

5.19293 

.21073 

4.74534 

6 

55 

.15689 

6.37374 

.17483 

5.71992 

.19287 

5.18480 

J21104 

4.73851 

5 

56 

.15719 

6.36165 

.17513 

5.71013 

.19317 

5.17671 

.21134 

4.73170 

4 

57 

.15749 

6.34061 

.17543 

5.70037 

.19347 

5.16803 

J21164 

4.72490 

3 

58 

.15779 

6.33761 

.17573 

5.69064 

.19378 

5.16a58 

.21195 

4.71813 

2 

59 

.15809 

6.33566 

.17603 

5.68094 

.19408 

5.15256 

.21225 

4.71137 

1 

60 

.15838 

6.3(375 

.17633 

5.67128 

.19438 

5.14455 

.21250 

4.70463 

0 

» 

Cotan? 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Potaag 

Tang 

_. 

81"    11 

80"     li 

79*     W 

78"     1 

866 


SURVEYING 


TABLE    Vn.— Continued 
Natural  TANorxTs  and  Cotangents 


0 

ia« 

13'' 

14* 

IS'*    1 

60 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

'tang 

Cotang 

.21256 

4.70463 

.23(^7 

4.33148 

.24933 

4.01078 

.26706 

3.73206 

1 

.21286 

4.69791 

.23117 

4.32573 

.24904 

4.0a582 

.26826 

3.72771 

69 

2 

.21316 

4.69121 

.23148 

4.32001 

.24995 

4.00086 

.26857 

8.72338 

58 

3 

.21347 

4.68452 

.23179 

4.31430 

.25026 

3.99592 

.26888 

3.71907 

57 

4 

.21377 

4.67786 

.23209 

4.30860 

.25056 

3.99099 

.26920 

8.71476 

56 

5 

.21408 

4.67121 

.23240 

4.30291 

.25087 

3.98607 

.26951 

3.71046 

55 

6 

.21438 

4.66458 

.23271 

4.29724 

.25118 

3.98117 

.26982 

3.70616 

64 

7 

.21469 

4.65797 

.23301 

4.20159 

.25149 

3.97627 

.27013 

3.70188 

63 

8 

.21499 

4.6513S 

.23332 

4.28595 

.25180 

3.97139 

.27044 

8.69761 

62 

9 

.21529 

4.64480 

.23363 

4.28032 

.25211 

3.96651 

.27076 

8.69335 

61 

10 

.21560 

4.63825 

.23393 

4.27471 

.25242 

3.96165 

.27107 

3.68909 

60 

11 

.21590 

4.63171 

.23424 

4.26911 

.25273 

3.95680 

.27138 

8.68485 

49 

12 

.21621 

4.62518 

.23455 

4.26352 

.25304 

3.95196 

.27169 

8.68061 

48 

13 

.21651 

4.618C8 

.23485 

4.25795 

.25335 

3.94713 

.27201 

3.67638 

47 

14 

.216<^2 

4.61219 

.23516 

4.25239 

.25306 

3.94232 

.27232 

3.67217 

46 

15 

.21712 

4.60572 

.23547 

4.24685 

.25397 

3.93751 

.27263 

3.66796 

45 

IG 

.21743 

4.50927 

.23578 

4.24132 

.25428 

3.93271 

.27294 

3.66376 

44 

17 

.21773 

•4.59283 

.23008 

4.23580 

.25459 

3.92793 

.27326 

8.65957 

43 

18 

.21804 

4.58641 

.23039 

4.23030 

.25490 

3.92316 

.27367 

3.65538 

42 

10 

.21834 

4.58001 

.23070 

4.22481 

.25521 

3.91839 

.27388 

3.65121 

41 

20 

.21864 

4.57363 

.23700 

4.21933 

.25552 

3.91364 

JJ7419 

3.64706 

40 

21 

.21895 

4.56726 

.23731 

4.213S7 

.25683 

3.90890 

.27451 

8.64289 

39 

22 

.21926 

4.56091 

.23762 

4.20842 

.25014 

3.90417 

.27482 

8.63874 

38 

23 

.21956 

4.55458 

.23793 

4.20298 

.25645 

3.89945 

.27513 

3.63461 

37 

24 

.21986 

4.54826 

.23823 

4.19756 

.25676 

8.89474 

.27545 

3.63048 

36 

25 

.22017 

4.54196 

.23S54 

4.19215 

.25707 

3.89004 

.27576 

8.62636 

35 

26 

.22047 

4.53568 

.23885 

4.1S075 

.25738 

3.88536 

.27607 

3.62224 

34 

27 

.22078 

4.52941 

.23916 

4.18137 

.25769 

3.88068 

^27038 

8.61814 

33 

28 

.22108 

4.52316 

.23040 

4.17G00 

.25800 

3.87001 

.27070 

3.61406 

32 

29 

.22139 

4.51693 

.23977 

4.17004 

.25831 

3.87136 

.27701 

3.60996 

31 

30 

.22169 

4.61071 

.24008 

4.16530 

.25862 

3.86671 

.27732 

8.60588 

30 

31 

.22200 

4.50451 

.2-1039 

4.15997 

.25893 

3.S6208 

.27764 

8.60181 

29 

32 

,22231 

4.49832 

.24009 

4.15465 

.25924 

3.85745 

.27795 

8.69775 

28 

33 

.22261 

4.49215 

.24100 

4.14934 

.25955 

3.85234 

.27826 

3.69370 

27 

34 

.22292 

4.48600 

.24131 

4.14405 

.25986 

3.84824 

.27858 

8.58966 

26 

35 

.22322 

4.47986 

.21102 

4.13877 

.26017 

3.84364 

.27889 

8.68662 

25 

36 

.22353 

4.47374 

.24193 

4.13350 

.20048 

8.83906 

.27921 

8.58100 

24 

37 

.22383 

4.46764 

.24223 

4.12825 

.20079 

3.83449 

JJ7952 

3.57758 

23 

38 

.22414 

4.46155 

.24254 

4.12301 

.20110 

3.82902 

.27983 

8.67257 

22 

39 

.22444 

4.45548 

.242r,5 

4.11778 

.26141 

3.82537 

.28016 

8.56957 

21 

40 

.22475 

4.44942 

.24316 

4.11256 

.26172 

3.82083 

.28046 

3.66567 

20 

41 

.22505 

4.44338 

.24347 

4.10736 

.26203 

8.81630 

.28077 

3.66169 

19 

42 

.22530 

4.43735 

.24377 

4.10216 

.20235 

3.S1177 

.28109 

3.66761 

IS 

43 

.22567 

4.43134 

.24408 

4.09099 

.20200 

3.80726 

.28140 

3.65364 

17 

44 

.22597 

4.42534 

.24439 

4.09182 

.20207 

3.80276 

.28172 

3.54968 

16 

45 

.22628 

4.41936 

.24470 

4.08006 

.2032S 

3.79S27 

J2&203 

8.64573 
8.54179 

15 

46 

.22658 

4.41340 

.24501 

4.081.52 

.20.359 

3.79378 

.28234 

14 

47 

.22689 

4.40745 

.24532 

4.07039 

.20390 

3.7N931 

.28266 

8.53785 

13 

18 

.22719 

4.40152 

.24502 

4.07127 

.26421 

3.784S5 

.28297 

8.53393 

12 

49 

.22750 

4.30560 

.24503 

4.00016 

.26452 

3.78040 

.£8329 

8.63001 

11 

50 

.22781 

4.38969 

.24624 

4.06107 

.26483 

3.77595 

.28360 

8.52609 

10 

51 

.22811 

4.38381 

.24655 

4.05599 

.26515 

8.77152 

.28391 

8.62219 

9 

52 

.22842 

4.37793 

.24686 

4.05092 

J26546 

3.76709 

.-28423 

8.61829 

8 

53 

.22872 

4.37207 

.24717 

4.04586 

.26577 

3.76268 

.28454 

3.51441 

7 

54 

.22903 

4.36623 

.24747 

4.04081 

.20008 

3.75828 

.28480 

3.51053 

A 

56 

.22934 

4.36040 

.24778 

4.03578 

.20039 

8.7538<* 

.28517 

3.60666 

6 

56 

.22964 

4.35459 

J24809 

4.03076 

.26070 

3.74950 

.28549 

8.60279 

4 

57 

.22905 

4.34S79 

.24840 

4.02574 

.26701 

3.74512 

.28580 

8.49894 

3 

58 

.23026 

4.34300 

.24871 

4.02074 

.26733 

3.74075 

.28612 

3.49609 

2 

59 

.23a56 

4.33723 

.24002 

4.01576 

.26764 

3.73640 

.28643 

3.49125 

1 

60 

t 

.23087 
Cotanfi 

4.33148 

.24933 

4.01078 

.26795 
Cotang 

3.73205 
Tang 

.23675 
Cotang 

8.48741 

0 

Tarn? 

CotnnR 

TanK 

Tang 

1     77° 

76° 

75° 

74- 

TABLES 
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TABLE    Wl.— Continued 
Natural  Tangents  and  Cotangents 


• 

xec 

17' 

IS'*     1 

19*     f 

Tang  tCotang 

Tang 

Cotang 

Ttog 

Cotang 

Tang 

Cotang 

.28675  3.48741 

.30573 

3.27085 

.32492 

3.07768 

.34483 

2.90421 

1 

.28706 

3.48369 

.30605 

3.26745 

.32524 

8.07464 

.34465 

2.90147 

59 

2 

.28738 

3.47977 

.30637 

?.26406 

.32556 

3.07160 

.34498 

2.89878 

58 

3 

.28769 

3.47596 

.30669 

3.26067 

.32588 

3.06857 

.34530 

2^^9600 

57 

4 

.28800 

3.47216 

.80700 

3.25729 

.32021 

3.06554 

.34563 

2.89327 

56 

6 

.28832 

3.4A837 

.30732 

3.25392 

.32653 

3.06252 

.34506 

2..S9065 

55 

6 

.28864 

3.46458 

.30764 

3.25055 

.32686 

3.05950 

.34628 

2.88783 

54 

7 

.28SP5 

3.46080 

.30796 

3.24719 

.32717 

3.05649 

.34661 

2J»511 

53 

8 

.28927 

3.45703 

.30S28 

3.24383 

.32749 

3.06349 

.34693 

2.88240 

52 

9 

.28958 

3.45327 

..30860 

3.24049 

.32782 

3.05049 

.34726 

2.87970 

51 

10 

.28990 

3.44951 

.30891 

3.23714 

.32814 

3.04749 

.34758 

2.87700 

50 

11 

.29021 

3.44576 

.30923 

3.23381 

.32846 

3.04450 

.34791 

2.87430 

49 

12 

.29053 

3.44202 

.30955 

3.23048 

.32878 

3.04162 

.34824 

2.87161 

48 

13 

.29084 

3.43829 

.30987 

3.22715 

.32911 

3.03854 

.34856 

2.86892 

47 

14 

.29116 

3.43456 

.31019 

3.22384 

.32943 

3.03556 

.34889 

2.86624 

46 

15 

.29147 

3.43084 

.31051 

3.22053 

.32975 

3.03200 

.34922 

2.86356 

45 

16 

.29179 

3.42713 

.31083 

3.21722 

.33007 

3.02963 

.34964 

2.86089 

44 

17 

.29210 

3.42343 

.31115 

3.21392 

.33040 

3.02667 

.34987 

2.85822 

43 

18 

.29242 

3.41973 

.31147 

3.21063 

.33072 

3.02372 

.35020 

2.86555 

42 

19 

.29274 

3.41604 

.31178 

3.20734 

.33104 

3.02077 

.35052 

2.85289 

41 

20 

.29306 

3.41236 

.31210 

3.20406 

.33136 

3.01783 

.35085 

2.85023 

40 

21 

.29337 

3.40860 

.31242 

3.20079 

.33169 

3.01489 

.35118 

2.84758 

39 

22 

.29368 

3.40502 

.31274 

8.19752 

.33201 

3.01196 

.35150 

2.84494 

38 

23 

.29400 

3.40136 

.31306 

3.19426 

.33233 

3.00903 

.35183 

2.84229 

37 

24 

.29432 

3.39771 

.31338 

3.19100 

.33266 

3.00611 

.35216 

2.83965 

36 

25 

.29463 

3.39406 

.31370 

3.18775 

.33298 

3.00319 

.35248 

2.83702 

35 

26 

.29495 

3.39042 

.31402 

3.18451 

.33330 

3.00028 

.3.5281 

2.83439 

34 

27 

.29526 

3.38679 

.31434 

3.18127 

.33303 

2.99738 

.35314 

2.83176 

33 

28 

.29558 

3.3<*317 

.31466 

3.17804 

.33395 

2.99447 

.35346 

2.82914 

32 

29 

.20590 

3.37955 

.31498 

3.17481 

.33427 

2.99158 

.35379 

2.82653 

31 

30 

.29621 

3.37594 

.31530 

3.17159 

.33460 

2.98868 

.35412 

2.82391 

30 

31 

.29653 

3.37234 

.31562 

3.16838 

.33492 

2.98580 

.35445 

2.82130 

29^ 

32 

.29685 

3.36875 

.31594 

3.16517 

.33524 

2.98292 

-35477 

2.81870 

2^ 

33 

.29716 

3.30516 

.31626 

3.16197 

.33557 

2.98004 

.35510 

2.81610 

27 

34 

.29748 

3.36158 

.31658 

3.15877 

.33589 

2.97717 

.35543 

2.81350 

26 

35 

.29780 

3.35800 

.31690 

3.15558 

.33621 

2.97430 

.35576 

2.81091 

25 

36 

JJ9811 

3.35443 

.31722 

3.15240 

".33654 

2.97144 

.35608 

2.80833 

24 

37 

.29813 

3.35087 

.31764 

3.14922 

.33686 

2.96858 

.35641 

2.80574 

23 

3S 

.29?75 

3.34732 

.31786 

3.14606 

.33718 

2.96573 

.35674 

2.80316 

22 

39 

.29906 

3.34377 

.31818 

3.14288 

.33761 

2.06288 

.35707 

2.80059 

21 

40 

.29938 

3.34023 

.31850 

3.13972 

.33783 

2.96004 

.35740 

2.79802 

20 

41 

.29970 

3.33670 

.31882 

3.13656 

.33816 

2.96721 

.35772 

2.79545 

19 

42 

.30001 

3.33317 

.31914 

3.13341 

.33848 

2.95437 

.35805 

2.79289 

IS 

43 

.30033 

3.32965 

.31946 

3.13027 

.33881 

2.96165 

..35838 

2.79033 

17 

44 

.30065 

3.32614 

.31978 

3.12713 

.33913 

2.94872 

.35871 

2.78778 

16 

45 

.30097 

3.32264 

.32010 

3.12400 

.33945 

2.94591 

.36904 

2.78523 

16 

46 

.30123 

3.31914 

.32042 

3.12087 

.33978 

2.94309 

.35037 

2.78269 

14 

47 

.30160 

3.31565 

.32074 

3.11776 

.34010 

2.94028 

.36009 

2.78014 

12 

48 

.30192 

3.31216 

.32106 

3.11464 

.34043 

2.93748 

.30002 

2.77761 

12 

49 

.30224 

3.30S68 

.32139 

3.11163 

.34076 

2.93468 

.36035 

2.77507 

11 

50 

.30255 

3.30521 

.32171 

3.10842 

.34108 

2.93189 

.36068 

2.77254 

10 

51 

.30287 

3.30174 

.32203 

3.10532 

.34140 

2.92910 

.36101 

2.77002 

9 

52 

.30319 

3.29829 

.32235 

3.10223 

.34173 

2.92632 

.36134 

2.76750 

8 

53 

.30351 

3.294S3 

.32267 

3.09914 

.34206 

2.92354 

.36167 

2.76498 

7 

54 

.30382 

3.29130 

.32299 

3.09606 

.34238 

2.92076 

.36199 

2.76247 

6 

55 

.30414 

3.28796 

.32331 

3.09298 

.34270 

2.91799 

.36232 

2.75996 

5 

56 

.30446 

3.28452 

.32363 

3.08991 

.34303 

2.91523 

^265 

2.75746 

4 

57 

.30478 

3.28109 

.32396 

3.08686 

.34335 

2.91246 

.36298 

2.75496 

3 

58 

.30509 

3.27767 

.32428 

3.0«379 

.34368 

2.90971 

.36331 

2.75246 

1 

59 

.30541 

3.27426 

.22460 

3.08073 

.34400 

2.90696 

.36364 

2.74997 

0 

60 

.30573 

3.270H5 

.32492 

3.07768 

.34433 

2.90421 

.36397 

2.74748 

2 

Cotans 

Tang 

Cotang 

Tang 

C-otang 

Tang 

Cotang 

Tang 

/ 

73*» 

7«'     1 

71^     1 

70" 

86» 


SURVEYING 


TABLE    Yll. -^-ontinued 
Natural  Tangents  and  Cotangents 


V 


t 

20* 

21* 

22* 

28* 

60 

Tbnc 

Co  tang 

Tang 

(^tang 

Tang  Cotang 

Tang 

Cotaxig 

0 

.36397 

2.74748 

.38380 

2.60509 

.40403 

2.47609 

.42447 

2.36686 

1 

.36430 

2.74499 

.38420 

2.60283 

.40436 

2.47302 

.42482 

2.36395 

50 

2 

.36463 

2.74251 

.38463 

2.60057 

.40470 

2.47096 

.42516 

2.35205 

68 

3 

.36496 

2.74004 

.38487 

2.59831 

.40504 

2.46888 

.42661 

2.36016 

67 

4 

.36529 

2.73756 

.38520 

2.59606 

.40538 

2.46682 

.42586 

2.84825 

66 

5 

.36562 

2.73509 

.38553 

2.59381 

.40672 

2.46476 

.42619 

2.34636 

56 

6 

.36595 

2.73263 

.38587 

2.59156 

.40606 

2.46270 

.42664 

2.84447 

54 

7 

.36628 

2.73017 

.38620 

2.68932 

.40640 

2.46065 

.42688 

2.34268 

68 

8 

.36661 

2.72771 

.38654 

2.58708 

.40674 

2.45860 

.42722 

2.34060 

62 

9 

.36094 

2.72526 

.38687 

2.58484 

.40707 

2.46666 

.42767 

2.33381 

51 

10 

.86727 

2.72281 

.38721 

2.58261 

.40741 

2.46461 

.42791 

2.33693 

60 

11 

.36760 

2.72036 

.33754 

2.58033 

.40776 

2.46246 

.42826 

2.88606 

49 

12 

.36793 

2.71792 

.38787 

2.57815 

.40809 

2.46043 

.42860 

2.88317 

48 

13 

.36826 

2.71548 

.38321 

2.57693 

.40843 

2.44839 

.42894 

2.83130 

47 

14 

.36859 

2.71305 

.38854 

2.57371 

.40877 

2.44636 

.42929 

2.32943 

46 

1ft 

.36892 

2.71062 

.38838 

2.67150 

.40911 

2.44433 

.42963 

2.32766 

46 

16 

.36925 

2.70819 

.38921 

2.56928 

.40946 

2.44230 

.42998 

2.32570 

44 

17 

.36958 

2.7aS77 

.13955 

2..'»6707 

.40979 

2.44027 

.43032 

2.32383 

48 

18 

.36991 

2.70335 

.38988 

2.56487 

.41013 

2.43826 

.43067 

2.32197 

42 

19 

.37024 

2.70094 

.39022 

2.56266 

.41047 

2.43623 

.43101 

2.32012 

41 

20 

.37057 

2.69853 

.39056 

2.56046 

.41081 

2.43422 

.43136 

2.31826 

40 

21 

.37090 

2.69612 

.39089 

2.55827 

.41115 

2.43220 

.43170 

2.31641 

30 

22 

.37123 

2.69371 

.39122 

2.55608 

.41149 

2.43019 

.43206 

2.81466 

88 

23 

.37157 

2.09131 

.39156 

2.55389 

.41183 

2.42819 

.43239 

2.31271 

37 

24 

.37190 

2.68892 

.39190 

2.55170 

.41217 

2.42618 

.43274 

2.31086 

36 

25 

.37223 

2.68653 

.39223 

2.54952 

.41251 

2.42418 

.43308 

2.30902 

36 

26 

.37256 

2.68414 

.39257 

2.54734 

.41285 

2.42218 

.43343 

2.30718 

84 

27 

.37289 

2.68175 

.39290 

2.64516 

.41319 

2.42019 

.43378 

2.80634 

88 

28 

.37322 

2.67937 

.39324 

2.54299 

.41363 

2.41819 

.43412 

2.30351 

32 

29 

.37355 

2.67700 

.39357 

2.54082 

.41387 

2.41620 

.43447 

2.80167 

81 

30 

.37388 

2.67462 

.39391 

2.53865 

.41421 

2.41421 

.43481 

2.29984 

80 

31 

.37422 

2.67225 

.39425 

2.53648 

.4146.5 

2.41223 

.48516 

2.29801 

20 

32 

.37455 

2.66989 

.39458 

2.53432 

.41490 

2.41025 

.43560 

2.29619 

28 

33 

.37488 

2.66752 

.39492 

2.53217 

.41524 

2.40827 

.43585 

2.20437 

27 

34 

.375?! 

2.66516 

.39526 

2.53001 

.4155« 

2.40629 

.43620 

2.29264 

28 

35 

.37554 

2.66281 

.39559 

2.52786 

.41592 

2.40432 

.43654 

2.29073 

25 

36 

.37588 

2.66046 

.39593 

2.52571 

.41626 

2.40236 

.43689 

2.28891 

24 

37 

.37621 

2.65811 

.39626 

2.52357 

.41660 

2.40038 

.43724 

2.23710 

28 

38 

.37054 

2.05576 

.39660 

2.52142 

.41094 

2.39841 

.43758 

2.28528 

23 

39 

.37687 

2.65342 

.39694 

2.51929 

.41728 

2.39645 

.43793 

2.28348 

21 

40 

.37720 

2.65109 

.39727 

2.51715 

.41763 

2.39449 

.43828 

2.28167 

20 

41 

.37754 

2.64875 

.39701 

2.5150? 

.41797 

2.39263 

.43862 

2.27987 

19 

42 

.37787 

2.64642 

.39795 

2.51289 

.41831 

2.39058 

.43897 

2.27806 

18 

43 

.37820 

2.64410 

.39829 

2.51076 

.11865 

2.38863 

.43932 

2.27626 

17 

44 

.37853 

2.64177 

.39862 

2.50864 

.4I«99 

2.38668 

.43966 

2.27447 

16 

45 

.37887 

2.03945 

.39896 

2.50652 

.41933 

2.38473 

.44001 

2.27267 

16 

4G 

.37920 

2.63714 

.39930 

2.50440 

.41968 

2..%279 

.44036 

2.27088 

14 

47 

.37053 

2.63483 

.39963 

2. .50229 

.42002 

2.38084 

.440'/l 

2.36900 

13 

43 

.37986 

2.63252 

.39997 

2.50018 

.42036 

2.37891 

.44106 

2.26730 

12 

49 

.38020 

2.03021 

.40031 

2.49S07 

.42070 

2.37607 

.44140 

2.26662 

11 

50 

.38053 

2.62791 

.40065 

2.49597 

.42105 

2.37504 

.44175 

2J6374 

10 

51 

.38080 

2.62561 

.40098 

2.49386 

.42139 

2.37311 

.44210 

2.26196 

9 

52 

.38120 

2.G2332 

.40132 

2.49177 

.42173 

2.37118 

.44244 

2.26018 

8 

53 

.38153 

2.62103 

.40166 

2.48967 

.42207 

2.36925 

-.44279 

2.25840 

7 

54 

.38186 

2.61874 

.40200 

2.48758 

.42242 

2.36733 

.44314 

2.26663 

6 

55 

.38220 

2.61646 

.40234 

2.48549 

.42276 

2.36541 

.44349 

2.26486 

6 

56 

.38253 

2.61418 

.40267 

2.48340 

.42310 

2.36349 

.44384 

2.26309 

4 

57 

.3S286 

2.61190 

.40301 

2.48132 

.42345 

2.36158 

.44418 

2.26182 

3 

58 

.38320 

2.60963 

.40335 

2.47924 

.42379 

2.35967 

.44463 

2.24966 

2 

59 

.3S353 

2.60730 

.40369 

2.47716 

.42413 

2.35776 

.44488 

2.24780 

1 

60 

.38386 

2.00509 

.40403 
Cotang 

2.47509 
Tang 

.4:?447 

2.35536 

.44623 

2.24604 

0 

CotanK 

TaiiK 

Cotang 

Tang 

CoUng 

Tang 

9 

60°     1 

6 

«* 

67*    1 

66*    1 
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TABLE    VII 


["on  tinned 


Natural  Tangents  and 

Cotangents 

24«     1 

«5«     1 

26** 

270 

60 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

.44523 

2.24604 

.46631 

2.14451 

.48773 

2.05030 

.60953 

1.96261 

1 

.44558 

2.24428 

.46666 

2.14288 

.48809 

2.04879 

.60089 

1.96120 

69 

2 

.44593 

2.24252 

.46702 

2.14125 

.48845 

2.04728 

.51026 

1.06979 

68 

8 

.44627 

2.24077 

.46737 

2.13903 

.48881 

2.04577 

.51063 

1.95838 

57 

4 

.44662 

2.23902 

.46772 

2.13801 

.48917 

2.04426 

.61099 

1.95698 

56 

.6 

.44097 

2.23727 

.46S08 

2.13639 

.48953 

2.04276 

.51136 

1.95557 

56 

6 

.44732 

2.23553 

.46843 

2.13477 

.48989 

2.04125 

.51173 

1.95417 

54 

7 

-44767 

2.23378 

.46879 

2.13316 

.49026 

2.03975 

.51200 

1.95277 

63 

8 

.44802 

2.23304 

.46914 

2.13154 

.49062 

2.03825 

.51246 

1.95137 

52 

9 

.44837 

2.23030 

.46950 

2.12993 

.49098 

2.03675 

JS1283 

1.94997 

51 

10 

.44872 

2.22857 

.46985 

2.12832 

.49134 

2.03626 

.51319 

1.94858 

50 

11 

.44907 

2.22683 

.47021 

2.12671 

.49170 

2.03376 

.51356 

1.94718 

49 

12 

.44942 

2.22510 

.47056 

2.12511 

.49206 

2.03227 

.61398 

1.94679 

48 

13 

.44977 

2.22337 

.47092 

2.12360 

.49242 

2.03078 

.51430 

1.94440 

47 

14 

.45012 

2.22164 

.47128 

2.12190 

.49278 

2.02929 

.51467 

1.94301 

46 

15 

.45047 

2.21992 

.47163 

2.12030 

.49315 

2.02780 

.51503 

1.94162 

46 

in 

.45082 

2.21819 

.47109 

2.11871 

.49351 

2.02631 

.51540 

1.94023 

44 

17 

.45117 

2.21647 

.47234 

2.11711 

.493S7 

2.02483 

.51577 

1.93885 

43 

18 

.45152 

2.21475 

.47270 

2.11552 

.49423 

2.02335 

.51614 

1.93746 

42 

19 

.45187 

2.21304 

.47305 

2.11392 

.48459 

2.02187 

.51651 

1.93608 

41 

20 

.46222 

2.21132 

.47341 

2.11283 

.49495 

2.02039 

61688 

1.98470 

40 

21 

.45257 

2.20961 

.47377 

2.11076 

.49632 

2.01891 

JJ1724 

1.93332 

39 

22 

.45292 

2.20790 

.47412 

2.10916 

.49568 

2.01743 

.51761 

1.93196 

38 

23 

.45327 

2.20619 

.47448 

2.10758 

.49604 

2.01696 

.51798 

1.93057 

37 

24 

.45362 

2.20449 

.47483 

2.10600 

.49640 

2.01449 

.51835 

1.92920 

36 

25 

.45397 

2.20278 

.47519 

2.10442 

.49677 

2.01302 

.61872 

1.92782 

35 

26 

.45432 

2.20106 

.47556 

2.10284 

.49713 

2.01155 

.51909 

1.92645 

34 

27 

.46467 

2.10938 

.47590 

2.10120 

.49749 

2.01008 

.51946 

1.92508 

33 

28 

.45502 

2.19769 

.47626 

2.099G9 

.49786 

2.00862 

.51983 

1.92371 

32 

29 

.45538 

2.19599 

.47662 

2.00811 

.49822 

2.00715 

,62020 

1.92236 

31 

30 

.45573 

2.19430 

.47098 

2.09664 

.49858 

2.00669 

.52057 

1.92098 

30 

31 

.45608 

2.19261 

.47733 

2.09498 

.49894 

2.00423 

.52094 

1.91962 

29 

32 

.45643 

2.19092 

.47769 

2.09341 

.49931 

2.00277 

.52131 

1.91826 

28 

83 

.45678 

2.18923 

.47805 

2.09184 

.49967 

2.00131 

.52168 

1.91690 

27 

34 

.45713 

2.18755 

.47840 

2.09028 

.50004 

1.99986 

.52206 

1.91552 

26 

35 

.45748 

2.18587 

.47876 

2.08872 

.50040 

1.99841 

.52242 

1.91414 

25 

36 

.45784 

2.18419 

.47912 

2.08716 

.50076 

1.99695 

.52279 

1.91288 

24 

37 

.45819 

2.18251 

.47948 

2.08560 

.50113 

1.995.50 

.52316 

1.91142 

23 

38 

.45854 

2.18084 

.47984 

2.08406 

.60149 

1.99406 

.52353 

1.91017 

22 

39 

.45889 

2.17916 

.48019 

2.08250 

.5018') 

1.99261 

.52390 

1.90870 

21 

40 

.45924 

2.17749 

.48056 

2.06094 

.50222 

1.99116 

.52427 

1.90741 

20 

41 

.45960 

2.17682 

.48091 

2!07939 

.50258 

1.98972 

.52464 

1.90607 

19 

42 

.45905 

2.17416 

.43127 

2.07785 

.50295 

1.98828 

.52501 

1.90472 

18 

43 

.46030 

2.17249 

.48163 

2.07630 

.50331 

1.98684 

.52538 

1.90337 

17 

44 

.46065 

2.17083 

.48198 

2.07476 

.50368 

1.9S540 

.52575 

1.90203 

16 

45 

.46101 

2.16917 

.48234 

2.07321 

.50404 

1.98396 

.52613 

1.90009 

16 

46 

.46136 

2.16751 

.48270 

2.07167 

.60441 

1.98253 

.52650 

1.89936 

14 

47 

.46171 

2.165S6 

.48306 

2.07014 

.50477 

1.98110 

.52687 

1.89801 

13 

48 

.46206 

2.16420 

.48342 

2.06860 

.50514 

1.97966 

.52724 

1.89667 

12 

49 

.46242 

2.16265 

.48378 

2.06706 

.60550 

1.97823 

.52761 

1.80533 

11 

50 

.46277 

2.16090 

.48414 

2.06553 

.50587 

1.97681 

.52798 

1.89400 

10 

51 

.46312 

2.15925 

.48460 

2.06100 

.50623 

1.97638 

.52836 

1.89260 

0 

52 

.46348 

2.15760 

.48486 

2.06247 

.50660 

1.97396 

.52873 

1.89133 

8 

53 

.46383 

2.15596 

.48521 

2.06094 

.50696 

1.97253 

.52910 

1.89000 

7 

54 

.46418 

2.15432 

.48557 

2.05942 

.50733 

1.97111 

.52947 

1.88867 

6 

55 

.46454 

2.1526S 

.48593 

2.05790 

.50769 

l.VOif09 

.52985 

1.88734 

5 

56 

.46489 

2.16104 

.48629 

2.05637 

.50806 

1.96827 

.53022 

1.88602 

4 

67 

.46525 

2.14940 

.48665 

2.05485 

.60843 

1.96685 

.53059 

1.88460 

8 

58 

.46560 

2.14777 

.48701 

2.05333 

.50879 

1.96544 

.63096 

1.88337 

2 

59 

.46595 

2.14614 

.4S737 

2.05182 

.50916 

1.96402 

.53134 

1.88206 

1 

00 

.46631 

2.14451 

.48773 

2.05030 

.50963 

1.90261 

.63171 

1.88078 

0 

Cot^ng 

Tang 

Cotang 

Tang 

Cotang 

Tang 

Cotang 

Tang 

§ 

W          i 

64'*     1 

flS**    1 

62"    1 

870 
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TABLE    WU.— Continued 

9 

Natural  Tangents  and  Cotangents 


7 

0 

««** 

29** 

30** 

31** 

60 

Tang 

Cotang 

Tang 

Chiang 

Tang 

Cotang 

Tang 

Cotang 

^3171 

1.88073 

.55431 

1.80405 

.57735 

1.73205 

.60086 

1.66428 

1 

.53203 

1.87941 

.55469 

1.80281 

.57774 

1.73089 

.60126 

1.66318 

59 

2 

^246 

1.87809 

.55507 

1.S0158 

.57813 

1.72973 

.60165 

1.66209 

58 

8 

^283 

1.87677 

.55545 

1.80031 

.57851 

1.72857 

.60205 

1.06099 

57 

4 

.53320 

1.87546 

.65583 

1.79911 

.57890 

1.72741 

.60245 

1.65990 

56 

5 

.53358 

1.87415 

.55621 

1.79788 

.57929 

1.72625 

.60284 

1.65881 

55 

A 

.53395 

1.87283 

.55659 

1.79665 

.57968 

1.72509 

.60324 

1.65772 

54 

7 

:53432 

1.87152 

.55697 

1.79542 

.58007 

1.72393 

.60364 

1.65663 

53 

8 

.53470 

1.87021 

.55736 

1.79419 

.58016 

1.72278 

.60403 

1.65554 

52 

9 

J&3507 

1.86891 

.55774 

1.79296 

.58085 

1.72163 

.60443 

1.65445 

51 

10 

.53545 

1.86760 

.55812 

1.79174 

.58124 

1.72047 

.80483 

1.65337 

50 

11 

J(3582 

1.86630 

.55850 

1.79051 

.58162 

1.71932 

.60522 

1.05228 

49 

12 

.53620 

1.86499 

.55888 

1.78929 

.58201 

1.71817 

.60562 

1.65120 

48 

13 

.53657 

1.86369 

.55926 

1.7aS07 

.58240 

1.71702 

.60602 

1.65011 

47 

14 

.53694 

1.86239 

.55964 

1.78685 

.58279 

1.71588 

.60642 

1.64903 

46 

15 

.53732 

1.86109 

.56003 

1.78563 

.58318 

1.71473 

.60681 

1.64795 

45 

16 

.53769 

1.S5979 

.56041 

1.78441 

.58357 

1.71358 

.60721 

1.64687 

44 

17 

.53807 

1.85850 

.56079 

1.78319 

.58396 

1.71244 

.60761 

1.64.579 

43 

18 

.53844 

1.85720 

.56117 

1.78198 

.58435 

1.71129 

.60801 

1.64471 

42 

19 

.53882 

1.85591 

.56156 

1.78077 

.58474 

1.71015 

.60841 

1.64363 

41 

20 

.53920 

1.85462 

.56194 

1.77955 

.58513 

1.70901 

.60881 

1.64256 

40 

21 

.53957 

1.85333 

.56232 

1.77834 

.58552 

1.70787 

.60021 

1.64148 

39 

22 

.58995 

1.85204 

.56270 

1.77713 

.58501 

1.70673 

.60960 

1.64041 

88 

23 

.54032 

1.S5075 

.56309 

1.77592 

.58631 

1.70560 

.61000 

1.63934 

87 

24 

.54070 

1.84946 

.56347 

1.77471 

.58670 

1.70446 

.61040 

1.63826 

86 

25 

.54107 

1.84818 

.56385 

1.77351 

.58709 

1.70332 

.61080 

1.63719 

85 

26 

.54145 

1.84689 

.56424 

1.77230 

.58748 

1.70219 

.61120 

1.63612 

84 

27 

.54183 

1.84561 

.56462 

1.77110 

.58787 

1.70106 

.61160 

1.63505 

83 

28 

.54220 

1.84433 

.56501 

1.76990 

.58826 

1.69992 

.61200 

1.63398 

82 

29 

.54258 

1.84305 

.56530 

1.76869 

.58865 

1.69879 

.61240 

1.63292 

81 

30 

.54296 

1.84177 

.56577 

1.76749 

.58905 

1.69766 

.612S0 

1.63185 

80 

31 

.54333 

1.84049 

.56616 

1.76629 

.58944 

1.69653 

.61820 

1.68079 

29 

32 

.54371 

1.83922 

.56654 

1.76510 

.58983 

1.69541 

.61360 

1.62972 

28 

33 

.54409 

1.83794 

.56603 

1.76390 

.59022 

1.69428 

.61400 

1.62866 

27 

34 

.54440 

1.83667 

.56731 

1.76271 

.59061 

1.69316 

.61440 

1.62760 

26 

35 

.54484 

1.83540 

.56769 

1.76151 

.59101 

1.69203 

.61480 

1.62654 

25 

36 

.54522 

1.83413 

.56808 

1.76032 

.59140 

1.69091 

.61520 

1.62548 

24 

37 

.54560 

1.83286 

.56846 

1.75913 

.59179 

1.68979 

.61561 

1.62442 

23 

38 

.54597 

1.83159 

.56885 

1.75794 

.59218 

1.68866 

.61601 

1.62886 

22 

39 

.54635 

1.83033 

.56923 

1.75675 

.59258 

1.68754 

.61641 

1.62280 

21 

40 

.54673 

1.82906 

.56962 

1.75556 

.59297 

1.68043 

.61681 

1.62125 

20 

41 

.54711 

1.82780 

.57000 

1.75437 

.59336 

1.08531 

.61721 

1.62019 

19 

42 

.54748 

1.82654 

.57039 

1.75319 

.59376 

1.68419 

.61761 

1.61914 

18 

43 

.54786 

1.82528 

.57078 

1.75200 

.59415 

1.68308 

.61801 

1.61808 

17 

44 

.54824 

1.82402 

.57116 

1.75082 

.59454 

1.68196 

.61842 

1.61703 

16 

45 

.54S62 

1.8227C 

.57155 

1.74964 

.59494 

1.68085 

.61882 

1.61598 

15 

46 

.54900 

1.821'iO 

.57193 

1.74846 

.59533 

1.67974 

.61922 

1.61403 

14 

47 

.54938 

1.82025 

.57232 

1.74728 

.50573 

1.67863 

.61962 

1.61888 

13 

48 

.54975 

1.81899 

.57271 

1.74610 

.59612 

1.07752 

.62003 

1.61283 

12 

49 

.55013 

1.81774 

.57309 

1.74492 

.59651 

1.67641 

.62043 

1.61179 

11 

50 

.55051 

1.81640 

.57348 

1.74375 

.59691 

1.67530 

.62063 

1.61074 

10 

51 

.55089 

1.81524 

.57386 

1.74257 

.59730 

1.67419 

.62124 

1.60970 

9 

52 

.55127 

1.81399 

.57425 

1.74140 

.59770 

1.67309 

.62164 

1.60865 

8 

53 

.55165 

1.81274 

.57464 

1.74022 

.59809 

1.67198 

.62204 

1.60761 

7 

54 

.55203 

1.8U50 

.57503 

1.73905 

..59849 

1.670S8 

.02245 

1.60657 

6 

55 

.55241 

1.81025 

.57541 

1.7.3788 

.59888 

1.66978 

.62285 

1.60558 

5 

56 

.55279 

1.80901 

.57580 

1.73671 

.59928 

1.66867 

.62325 

1.60440 

4 

57 

.55317 

1.80777 

.57619 

1.735.'»5 

.59957 

1.06757 

.62366 

1.60846 

8 

58 

.55355 

1.80653 

.57667 

1.7.S43S 

.60007 

1.66647 

.62406 

1.60241 

2 

59 

55393 

1.80529 

.57696 

1.73321 

.60046 

1.06.538 

.62446 

1.60187 

1 

60 

.55431 

1.80405 

.57735 

1.73205 

.60086 

1.66428 

.62187 

1.60088 

0 

Cotang 

Tang 

Cotang  Tang 

Cotang  Tang  | 

Cotang 

Tang 

61'     II 

60** 

5 

9**     II 

58-    1 
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TABLE    VU.— Continued 
Natural  Tangents  and  Cotangents 


0 

33'*     1 

83*"     1 

34*    1 

35*    1 

* 
60 

Tiuuc 

Cotang 

Tang 

Cotang 

Taiig 

Cotang 

Tang 
.70021 

Cotang 

.62487 

1.60033 

.64941 

1.53086 

.67461 

1.48256 

1.42815 

1 

.62527 

1.59930 

.64982 

1J>3888 

.67493 

1.48163 

.70004 

1.42726 

69 

2 

.62568 

1.59826 

.66024 

1.53791 

.07686 

1.48070 

.70170 

1.42638 

68 

3 

.62608 

1.59723 

.66065 

1.63693 

.67578 

1.47977 

.70151 

1.42660 

67 

4 

.62649 

1.59020 

.65106 

1.63595 

.67620 

1.47885 

.70194 

1.42462 

56 

5 

.62639 

1.59617 

.65148 

1.63497 

.67603 

1.47792 

.70238 

1.42374 

65 

6 

.62730 

1.59414 

.a-iiso 

1.63400 

.67705 

1.47699 

.70281 

1.42360 

64 

7 

.62770 

1.59311 

.65231 

1.53302 

.67748 

1.47607 

.70325 

1.42198 

63 

8 

.62811 

1.59208 

.65272 

1.63206 

.67790 

1.47514 

.70368 

1.42110 

62 

9 

.62852 

1.59105 

.65314 

1.63107 

.07832 

1.47422 

.70412 

1.42022 

61 

10 

.62892 

1.59002 

.06356 

1.53010 

.67876 

1.47330 

.70466 

1.41934 

60 

11 

.62933 

1.58900 

.66397 

1.52913 

.67917 

1.47238 

.70499 

1.41847 

49 

12 

.62973 

1.58797 

.66438 

1.52810 

.07900 

1.47146 

.70542 

1.41769 

18 

13 

.63014 

1.58696 

.66480 

1.52719 

.68002 

1.47053 

.70586 

1.41672 

47 

14 

.63055 

1.58593 

.66621 

1.62622 

.08015 

1.409C2 

.70029 

1.41584 

46 

15 

.63095 

1.58490 

.65563 

1.62626 

.68088 

1.46870 

.70673 

1.41497 

45 

16 

.63136 

1.68388 

.66604 

1.62429 

.68130 

1.46778 

.70717 

1.41409 

44 

17 

.63177 

1.58286 

.66640 

1.52332 

.68173 

1.46686 

.70760 

1.41322 

43 

18 

.63217 

1.58184 

.66688 

1.62236 

.68215 

1.46595 

.70804 

1.41236 

42 

10 

.03258 

1.58083 

.66729 

1.62139 

.68258 

1.46503 

.70848 

1.41148 

41 

20 

.63299 

1.67981 

.66771 

1.52043 

.68301 

1.46411 

.70891 

1.41061 

40 

21 

.63340 

1.67879 

.65813 

1.51946 

.68343 

1.46320 

.70935 

1.40974 

30 

22 

.63380 

1.67778 

.65854 

1.51850 

.68386 

1.40229 

.70079 

1.40887 

38 

23 

.63421 

1.67676 

.66890 

1.51764 

.68429 

1.48137 

.71023 

1.10800 

37 

24 

.63462 

1.67576 

.05938 

1.51658 

.68471 

1.40046 

.71006 

1.40714 

36 

25 

.63503 

1.57474 

.669S0 

1.51562 

.68514 

1.45955 

.71110 

1.40627 

36 

26 

.63544 

1.67372 

.66021 

1.51400 

.68557 

1.45804 

.71164 

1.4aM0 

34 

27 

.03584 

1.57271 

.00003 

1.61370 

.68600 

1.15773 

.71198 

1.40454 

33 

28 

.63625 

1.57170 

.66105 

1.51275 

.68042 

1.45682 

.71242 

1.40367 

32 

29 

.63660 

1.57069 

.66147 

1.51179 

.68085 

1.45592 

.71285 

1.40281 

31 

30 

.63707 

1.66969 

.60189 

1.51084 

.68728 

1.45501 

.71329 

1.40105 

30 

31 

.63748 

1.56868 

.60230 

1.50988 

.68771 

1.45410 

.71373 

1.40109 

29 

32 

.63789 

1.56767 

.66272 

1.60893 

.68814 

1.45320 

.71417 

1.40022 

28 

33 

.63830 

1.56667 

.63314 

1.50797 

.688,57 

1.45229 

.71461 

1.39936 

27 

34 

.63871 

1.665*^6 

.66356 

1.50702 

.68900 

1.45139 

.71505 

1.39850 

26 

35 

.63912 

1.5G466 

.66398 

1.50607 

.68942 

1.45049 

.71.549 

1.39764 

25 

36 

.63953 

1.663^6 

.66440 

1.50512 

.68985 

1.44958 

.71593 

1.39679 

24 

37 

.63994 

1.56266 

.60482 

1.50417 

.69028 

1.44808 

.71637 

1.39593 

23 

3^ 

.64035 

1.56165 

.66524 

1.50322 

.60071 

1.44778 

.71681 

1.39507 

22 

39 

.64076 

1.56065 

.66566 

1.50228 

.69114 

1.44aS8 

.71725 

1.39421 

21 

40 

.64117 

1.55966 

.66608 

1.50133 

.69157 

1.44598 

.71769 

1.39336 

20 

41 

.64158 

1.55866 

.66650 

1.50038 

.69200 

1.44508 

.71813 

1.39250 

19 

42 

.64199 

1.55766 

.66692 

1.49944 

.69243 

1.44418 

.71857 

1.39165 

18 

43 

.04240 

1.55666 

.66734 

1.49849 

.69280 

1.44329 

.71901 

1.39079 

17 

4\ 

.64281 

1.56567 

.66776 

1.49755 

.69329 

1.44239 

.71946 

1.38994 

16 

45 

.04322 

1.55467 

.66818 

1.49661 

.69372 

1.44149 

.71990 

1.38909 

15 

A'i 

.643^^3 

1.55368 

.66800 

1.49566 

.69416 

1.44000 

.72034 

1.38824 

14 

47 

.64404 

1.55269 

.66902 

1.49472 

.69459 

1.43970 

.72078 

1.38738 

13 

48 

.64446 

1.55170 

.60944 

1.49378 

.69502 

1.43S81 

.72122 

1.386.53 

12 

49 

.64487 

1.55071 

.66980 

1.49284 

.69545 

1.43792 

.72167 

1.38568 

11 

50 

.64528 

1.54972 

.67028 

1.49190 

.69588 

1.43703 

.72211 

1.38484 

10 

51 

.64569 

1.54873 

.67071 

1.49097 

.69631 

1.43614 

.72255 

1.38399 

9 

•12 

.64610 

1.54774 

.67113 

1.49003 

.69675 

1.43525 

.72299 

1.38314 

8 

.53 

,64652 

1.54675 

.67155 

1.48909 

.60718 

1.43436 

.72344 

1.38229 

7 

54 

.64093 

1.54576 

.67197 

1.48816 

.69761 

1.43347 

.72388 

1.38145 

6 

55 

.64734 

1.54478 

.67239 

1.48722 

.69804 

1.432.58 

.72432 

1.38060 

5 

56 

.64775 

1.54379 

.67282 

1.48629 

.69847 

1.43169 

.72477 

1.37976 

4 

57 

.64817 

1.54281 

.67324 

1.48536 

.69891 

1.43080 

.72521 

1.37891 

3 

58 

.04858 

1.64183 

.67366 

1.48442 

.69934 

1.42992 

.72565 

1.37807 

2 

59 

.64899 

1.54085 

.67409 

1.48349 

.69977 

1.42903 

.72610 

1.37722 

1 

00 

.64941 

1.63986 

.67451 

1.48256 
Tang 

.70021 

1.42815 

.72654 

1.37638  J 

0 

Cotang 

Tang 

Cotang 

Cotang 

Tang 

Cotang 

Tang 

57**    ' 

56*    • 

56* 

54* 
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SURVEYING 


TABLE    \U.— Continued 


Natural  Tangents  and 

Cotangents 

1 
0 

36* 

37* 

38* 

30*     1 

1 
60 

Tang 

Cotang 

Tang 
.75355 

Cotnng 

Tang 

C/Otang 

Tang 

Cotang 

.72654 

1.37638 

1.32704 

.78129 

1.27904 

.80978 

1.28490 

1 

.72699 

1.37554 

.75401 

1.32624 

.78175 

1.27917 

.81027 

1.23416 

59 

2 

.72743 

1.37470 

.75447 

1.32544 

.78222 

1.27841 

.81076 

1.28343 

68 

3 

.72788 

1.37386 

.75492 

1.32464 

.78269 

1.27764 

.81123 

1.23270 

67 

4 

.72832 

1.37302 

.76538 

1.32381 

.78316 

1.27688 

.81171 

1.23106 

66 

5 

.72877 

1.37218 

.75584 

1.32304 

.78363 

1*27611 

.81220 

1.23123 

65 

6 

.72921 

1.37134 

.75^29 

1.32224 

.78410 

1.27535 

.81268 

1.23060 

64 

7 

.72966 

1.37050 

.75675 

1.32144 

.78457 

1.27468 

.81316 

1.22977 

63 

8 

.73010 

1.36067 

.75721 

1.32064 

.78504 

1.27382 

.81364 

1.22904 

52 

9 

.73a'i5 

1.36883 

.75767 

1.31984 

.78551 

1.27306 

.81413 

1.22881 

51 

10 

.73100 

1.35800 

.75812 

1.31904 

.78698 

1.27230 

.81461 

1.22768 

60 

11 

.73144 

1.36716 

.75858 

1.31825 

.78646 

1.27163 

.81510 

1.226S6 

49 

12 

.73189 

1.. 36633 

.75904 

1.31745 

.78692 

1.27077 

.81668 

1.22612 

48 

13 

.73234 

1.36549 

.75950 

1.31666 

.78739 

1.27001 

.81606 

1.22589 

47 

14 

.73278 

1.36466 

.75996 

1.31586 

.78786 

1.26926 

.81666 

1.22467 

46 

15 

.73323 

1.36383 

.76042 

1.31507 

.78834 

1.26849 

.81703 

1.^2894 

45 

16 

.73368 

1.36300 

.76088 

1.31427 

.78881 

1.26774 

.81762 

1.22821 

44 

17 

.73413 

1.36217 

.76134 

1.31348 

.78928 

1.26698 

.81800 

1.22249 

43 

18 

.73457 

1.36134 

.76180 

1.21269 

.78975 

1.26622 

.81849 

1.22176 

42 

19 

.73502 

1.36051 

.76226 

1.31190 

.79022 

1.26546 

.81898 

1.22104 

41 

20 

.73547 

1.35968 

.76272 

1.31110 

.79070 

1.26471 

.81946 

1.22081 

40 

21 

.73592 

1.35885 

.76318 

1.31031 

.79117 

1.26895 

.81996 

1.31969 

39 

22 

.73637 

1.35802 

.76364 

1.30952 

.79164 

1.26319 

.82044 

1.21886 

88 

23 

.73681 

1.35719 

.76410 

1.30873 

.79212 

1.26244 

.82092 

1.21814 

37 

24 

.73726 

1.35637 

.76456 

1.30795 

.79259 

1.26169 

.82141 

1.21742 

8«; 

25 

.73771 

1.35554 

.76602 

1.30716 

.79306 

1.26093 

.82190 

1.21670 

36 

26 

.73816 

1.35472 

.76548 

1.30637 

.79354 

1.26018 

.82238 

1.21698 

34 

27 

.73861 

1.35389 

.76594 

1.30558 

.79401 

1.26943 

.82287 

1.21626 

83 

28 

.73906 

1.35307 

.76640 

1.30480 

.79449 

1.25867 

.82336 

1.21464 

82 

29 

.73951 

1.35224 

.76686 

1.30401 

.79496 

1.25792 

.82386 

1.21382 

81 

30 

.73996 

1.35142 

.76733 

1.30323 

.79544 

1.25717 

.82434 

1.21310 

80 

31 

.74041 

1.35060 

.76779 

1.30244 

.79591 

1.26642 

J*2483 

1.21238 

29 

32 

.74086 

1.3497S 

.76825 

1.30166 

.79639 

1.25567 

.82631 

1.21106 

28 

33 

.74131 

1.34896 

.76871 

1.30087 

.79686 

1.25492 

.82680 

1.21094 

27 

34 

.74176 

1.34814 

.76918 

1.30009 

.79724 

1.25417 

.82629 

1.21023 

26  ' 

35 

.74221 

1.34732 

.76964 

1.29931 

.79781 

1.25343 

.82678 

1.20961 

25 

36 

.74267 

1.34G50 

.77010 

1.29853 

.70829 

1.25268 

.82727 

1.20879 

24 

37 

.74312 

1.34.5(vS 

.77057 

1.29775 

.79877 

1.25193 

.82776 

1.20808 

23 

38 

.74357 

1.34187 

.77103 

1.29696 

.79924 

1.26118 

.82826 

1.20736 

22 

39 

.74402 

1.34105 

.77149 

1.29618 

.79972 

1.25044 

.82874 

1.20666 

21 

40 

.74447 

1.34323 

.77196 

1.20541 

.80020 

1.24969 

.82923 

1.20693 

20 

41 

.74492 

1.34242 

.77242 

1.29403 

.80067 

1.24896 

it2972 

1 .20522 

19 

42 

.74538 

1.34160 

.77289 

1.29385 

.80115 

1.24820 

.83022 

1.20461 

18 

43 

.74583 

1.34079 

.77335 

1.29307 

.80163 

1.24746 

.83071 

1.20879 
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TABLE    XI 
Volumes  by  the  Prismoidal  Formula. 


-^ 

H  BIGHTS. 

• 

Correc- 

tions for 
tenths  in 

1 

1 

2 

3 

4 

I 

5 

6 

2 

7 

8 

9 

10 

height. 

o 

I 

a 

a 

2 

3 

3 

.1 

0 

2 

I 

2 

2 

3 

3 

4 

5 

6 

6 

.2 

0 

3 

I 

3 

4 

5 

6 

6 

7 

8 

9 

.3 

0 

4 

I 

4 

5 

6 

7 

9 

10 

It 

12 

.4 

A 

— a 

5 

—6 

—8 
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—  1 1 

—  la 

— 14 
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.6 
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2 

M 

6 
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9 

1 1 
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.6 
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a 
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9 
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.7 
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12 

IS 

17 

ao 
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.8 
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19 
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.9 
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25 
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31 
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17 
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.1 
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.3 

I  . 
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43 

.4 

a 

15 
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—  9 

14 

-19 
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37 
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—  46 

.5 

a 

16 

5 

lO 

1  < 

20 
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35 

40 

44 

49 

.6 
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17 

5 

lO 
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47 

52 

.7 

3 

18 

6 

II 

17 
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50 

56 

.8 
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19 

6 
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41 
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53 
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.9 
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45 
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.9 

7 

30 

9 

19 

28 

37 

46 

56 

05 

74 

83 

93 

1 

31 

lO 

19 

29 

38 

48 

57 

67 

77 

86 

96 

.1 

I 

32 

lO 

20, 

30 

40 

49 

59 

69 

79 

89 

99 

.2 

a 

33 

lO 

20 

31 

4« 

51 

61 

71 

81 

92 

102 
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Corrections  for 

1 

o 

0 

0 

I 

I 

1 

I 

I 

1 

tenths  in  width 
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TABLE    Xl—<:ontinued 
Volumes  by  the  Prismoidal  Formula 


• 

Hbiohts. 

Correc- 

rS 

tions  for 
tenths  in 

• 

51 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

height. 

i6 

31 

47 

63 

79 

94 

no 

126 

142 

157 

.1 

3 

52 

i6 

32 

48 

64 

80 

96 

iia 

ia8 

144 

160 

.2 

3 

53 

i6 

33 

49 

6s 

82 

98 

115 

131 

147 

163 

.3 

5 

54 

17 

33 

50 

67 

83 

100 

117 

133 
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167 

.4 

7 

55 

17 

—34 

51 

—68 

—85 
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— 119 

—  136 

—153 

—170 

.5 

8 

56 

»7 

35 

52 

69 

86 

104 

lai 

138 

156 

173 

.6 

10 

57 

i8 

35 

53 

70 

88 

106 

123 

141 

158 

176 

.7 

13 

58 

•  iR 

36 

54 

72 

90 

107 

125 

143 

i6t 

179 

.8 

14 

50 

1 8 

36 

55 

73 

91 

109 

127 

146 

164 

182 

.9 

15 

60 

19 

37 

56 

74 

93 

III 

130 

148 

167 

185 

61 

19 

38 

56 

75 

94 

113 

132 

151 

169 

188 

.1 

0 

62 

19 

38 

57 

77 

96 

115 

134 

153 

172 

191 

.2 

4 

63 

19 

39 

58 

78 

97 

117 

136 

156 

175 

194 

.3 

6 

64 

20 

40 

59 

79 

99 

119 

138 

158 

178 

197 

.4 

8 

65 

20 

40 

—60 

~8o 

— 100 

— 120 

140 

— 160 

—181 

— 201 

.6 

10 

66 

30 

41 

61 

01 

102 

123 

143 

163 

183 

304 

.6 

13 

67 

at 

41 

62 

83 

103 

124 

145 

16s 

186 

307 

.7 

14 

68 

21 

42 

63 

84 

ic^5 

126 

147 

168 

189 

3IO 

.8 

16 

69 

21 

43 

64 

85 

106 

128 

149 

170 

192 

213 

.9 

18 

70 

aa 

43 

65 

86 

108 

130 

151 

173 

194 

ai6 

71 

aa 

44 

66 

88 

100 

131 

153 

175 

197 

319 

.1 

a 

72 

aa 

44 

67 

89 

111 

133 

156 

178 

aoo 

332 

.2 

5 

73 

23 

45 

68 

90 

113 

135 

158 

180 

a03 

225 

.3 

7 

74 

23 

46 

69 

91 

114 

137 

160 

183 

ao6 

238 

.4 

9 

75 

23 

—46 

—69 

93 

—  116 

139 

—162 

—  18s 

— 208 

231 

.5 

la 

76 

23 

47 

70 

94 

117 

141 

164 

188 

31  I 

235 

■  6  1  14 

77 

24 

48 

71 

95 

119 

143 

166 

190 

314 

238 

.7 

16 

78 

24 

48 

72 

96 

lao 

144 

169 

193 

317 

241 

.8 

19 

79 

24 

49 

73 

98 

laa 

146 

171 

195 

319 

344 

.9 

31 

80 

25 

49 

74 

99 

123 

148 

173 

198 

aaa 

247 

81 

25 

50 

75 

100 

125 

150 

175 

aoo 

335 

350 

.1 

3 

82 

25 

51 

76 

lOI 

127 

152 

177 

202 

338 

253 

.2 

5 

83 

26 

51 

77 

102 

128 

154 

179 

205 

231 

356 

.3 

8 

84 

26 

52 

78 

104 

130 

156 

181 

ao7 

233 

259 

.4 

10 

85 

—26 

52 

79 

105 

— 131 

157 

— 184 

— aio 

—236 

—363 

.5 

13 

86 

27 

53 

80 

106 

133 

159 

186 

212 

239. 

265 

.6 

16 

87 

27 

54 

81 

107 

134 

161 

188 

215 

343 

369 

.  1 

18 

88 

27 

54 

81 

109 

136 

163 

190 

217 

244 

373 

.8 

ai 

89 

27 

55 

82 

1 10 

137 

i6s 

192 

220 

247 

275 

.9 

24 

90 

28 

56 

83 

II I 

139 

167 

194 

222 

250 

378 

91 

28 

S6 

84 

1 12 

140 

169 

197 

225 

253 

281 

.1 

3 

92 

28 

57 

85 

I  14 

142 

170 

199 

227 

256 

384 

2 

6 

93 

29 

57 

86 

115 

144 

172 

aoi 

230 

258 

387 

.3 

9 

94 

29 

58 

87 

116 

145 

174 

203 

232 

261 

290 

.4 

13 

95 

29 

—59 

—88 

1  17 

-147 

—  176 

20s 

—235 

— 264 

293 

.5 

15 

96 

30. 

59 

89 

119 

148 

178 

207 

2?7 

267 

296 

.6 

18 

97 

30 

60 

90 

120 

150 

i8o 

210 

240 

269 

299 

.  1 

31 

90 

30 

60 

91 

121 

151 

181 

212 

242 

272 

302 

.8 

23 

99 

31 

61 

92 

122 

153 

183 

214 

244 

275 

306 

.9 

36 

100 

•31 

62 

93 

123 

154 

185 

2t6 

247 

278 

309 

1 

2 

3 

4 

5 

.5 

6 

.6 

7 

8 

1   9 

10 

.1 

.2 

.3 

.1 

'   .8 

.9 

1 

Corrections  for 
tenths  in  width. 

1 

0 

0 

0 

I 

I 

I 

1 

I 

I 
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TABLE    Xl— Continued 
Volumes  by  the  Prismoidal  Formula 


t 
2 
3 
4 

5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 


Heights. 


11 


3 

7 

lO 

— 17 

30 
24 
27 

31 
34 

37 
41 
44 
48 

—SI 
54 

S8 
61 

65 
68 

71 

75 
78 
81 

—85 
88 
92 
95 
98 
102 

105 
109 

X12 

115 

—  119 
132 
126 
129 
132 
136 

139 
143 
146 

149 

—  153 
156 
160 

163 
166 
170 


12 


13 


14 


15 


16 


17 


18 


4 

7 

II 

15 
—  19 
22 
36 
30 

33 
37 

41 
44 
48 
52 
—56 
59 
63 
67 
70 

74 


l\ 


r8 

85 

89 

—93 

96 

100 

104 

107 

III 

115 

119 

122 
126 
—  130 
M3 
137 
141 
144 
148 

152 
156 

159 
163 

-167 
170 
174 
178 
181 
185 


4 
8 

12 

16 
— 20  I 

24 
28 

32 

36 
40 

44 
48 
52 
56 
—60 

64 
68 
72 
76 
80 

84 
88 

92 
96 

—  100 
104 
108 
112 
116 
lao 

124 
128 
132 
136 

—  140 

144 
148 

152 
156 
160 

165 
169 

173 

177 

-181 

185 
189 

193 

197 

30I 


4 

5 

9 

9 

13 

i4 

17 

19 

— 22 

23 

26 

28 

30 

32 

35 

37 

39 

42 

43 

46 

48 

51 

52 

56 

56 

60 

60 

65 

—65 

—69 

69 

74 

73 

79 

78 

83 

82 

88 

86 

93 

91 

97 

95 

102 

99 

106 

104 

III 

— 108 

—  116 

112 

tao 

117 

125 

121 

130 

125 

134 

130 

139 

134 

144 

138 

148 

143 

153 

147 

157 

151 

—162 

156 

167 

160 

171 

164 

176 

169 

t8i 

173 

185 

177 

190 

181 

194 

186 

199 

190 

204 

194 

—208 

199 

213 

203 

218 

207 

222 

212 

227 

216 

231 

15 

.5 


5 
10 

15 
ao 

—25 
30 

35 
40 

44 
49 

54 
59 
64 
69 
—74 

84 
89 
94 
99 

104 
109 

114 
119 

—  123 
128 

133 
138 

143 
148 

153 
158 

163 
168 

—  173 
178 
183 
188 

193 
198 

ao2 
207 
212 

217 

—  222 
227 
232 

237 
242 

247 

.6 

I 

r  3  "'  ' 


5 

10 
16 
ai 
— a6 
31 
37 
42 
47 
52 

58 

63 
68 

73 
—79 
84 
89 
94 
100 

105 

1 10 

i'5 
121 

126 

—131 


6 
1 1 
17 

22 

—28 

33 
39 
44 
SO 
56 

61 

67 

72 

78 

—83 

89 

94 

100 

106 

II I 


13" 
142 

147 

152 

157 

163 

168 

173 

178 
—184 

189 

194 

199 

205 

210 

215 

220 

226 

231 
236 

241 

247 

252 

257 
262 

17 

19 


20 


.7  I 


6 
12 
18 

23 
—29 

35 
41 
47 

Si 

59 

65 
70 
76 
82 
—88 

94 
100 
106 
III 
117 

123 

129 

135 
141 
—147 
152 
«58 
164 
170 
176 

183 
188 
194 
199 
—205 
21 1 

217 
223 
229 

235 

340 
346 
252 
258 
— 264 
270 
276 
281 
287 
293 

!~I9J 


6 
12 
19 
25 
—31 
37 
43 
49 
56 
62 

68 

74 
80 
86 

—93 

99 

105 

III 

117 
123 

130 
136 
142 
148 

—  154 
160 

167 
173 
179 
185 

191 
198 
204 

3IO 

316 

322 
228 
235 
241 
247 

253 


272 
-278 
284 
390 
396 
30a 
309 


20 


Correc- 
tions for 
tenths  in 
height. 


.1 
.3 
.3 
.4 

,5 
.6 

,7 
,8 
.9 


1 
o 

I  mm 

,3 

4 

.5 

6 

.7 
.8 
.0 


.1 
.2 
.3 
.4 
.5 
.6 

.8 
.0 


.1 
.2 
.3 
.4 
.6 
.6 
.7 
.8 
.9 


1 


259  )    .2 
265       .3 


.4 
.5 
.6 


o 

o 
o 
I 
I 
I 
I 
I 

X 


o 
I 
I 

a 
2 
3 
3 

4 
4 


I 
a 
a 
3 
4 
5 
5 
6 

7 


I 

a 

3 

4 
5 
6 
8 

9 
10 


X 

3 

4 
6 

7 
8 

■  7  I   10 
.8  I   II 

9  ;  13 


.8     I 


,9  ; 

— ,  Corrections  for 
4      I  tenths  in  width. 
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TABLE    Xl--ConUnued 
Volumes  by  the  Prismoidal  Formula 


•*4 

Hbiohts. 

Correc- 

tions for 
tenths  in 

^ 

11 

12 

13 

14 

15 

16 

17 

18 

10 

20 

height. 

51 

173 

189 

•  205 

220 

236 

252 

268 

283 

299 

315 

.1 

2 

52 

177 

193 

309 

225 

241 

257 

273 

289 

305 

321 

.2 

3 

53 

i8o 

196 

213 

229 

245 

262 

27» 

294 

311 

327 

.3 

5 

54 

183 

aoo 

217 

233 

250 

267 

.  283 

300 

317 

333 

.4 

7 

55 

—  187 

— 204 

221 

-238 

255 

— 272 

2  89 

— 306 

323 

340 

.5 

8 

56 

i<>o 

207 

225 

242 

259 

277 

294 

3ii 

328 

346 

.6 

10 

57 

194 

211 

229 

246 

264 

281 

299 

317 

334 

352 

.7 

12 

5H 

197 

215 

233 

251 

269 

286 

304 

322 

340 

358 

.8 

14 

50 

200 

219 

237 

255 

273 

291 

310 

328 

346 

364 

.9 

15 

60 

304 

222 

241 

259 

278 

296 

3IS 

333 

352 

370 

61 

207 

226 

245 

264 

282 

301 

320 

339 

358 

377 

.1 

2 

62 

3IO 

230 

249 

268 

287 

306 

325 

344 

364 

383 

.2 

4 

63 

214 

233 

253 

272 

292 

311 

331 

•350 

369 

389 

.3 

6 

64 

ai7 

237 

257 

277 

296 

316 

336 

356 

375 

395 

A 

8 

65 

— 221 

241 

—  261 

—281 

301 

—321 

—341 

—361 

—381 

—401 

.5 

10 

66 

224 

244 

265 

285 

306 

326 

346 

367 

387 

407 

.6 

12 

67 

227 

248 

269 

290 

310 

331 

352 

372 

393 

414 

.7 

14 

68 

231 

252 

273 

294 

315 

336 

357 

378 

399 

420 

.8 

16 

69r 

234 

256 

277 

298 

319 

341 

3^»2 

383 

405 

426 

.9 

18 

70 

238 

259 

281 

302 

324 

346 

367 

389 

410 

432 

71 

241 

263 

285 

307 

329 

351 

373 

394 

416 

438 

.1 

2 

72 

244 

267 

289 

311 

3i3 

356 

378 

400 

422 

444 

.2 

5 

73 

248 

270 

293 

315 

338 

360 

383 

406 

428 

451 

.3 

7 

74 

251 

274 

297 

320 

343 

365 

388 

411 

434 

457 

.4 

9 

75 

255 

—278 

301 

-324 

347 

—370 

394 

— 4T7 

440 

463 

.5 

12 

76 

258 

28r 

305 

328 

352 

375 

399 

422 

446 

469 

.6 

14 

77 

261 

285 

309 

333 

356 

380 

404 

428 

452 

475 

.  1 

16 

78 

265 

289 

313 

337 

361 

38s 

409 

433 

457 

481 

.8 

19 

70 

268 

293 

317 

341 

366 

390 

415 

439 

463 

488 

.9 

21 

80 

272 

296 

321 

346 

370 

395 

420 

444 

469 

494 

I 

81 

275 

300 

325 

350 

375 

400 

425 

450 

475 

500 

.1 

3 

82 

278 

304 

329 

354 

380 

405 

430 

456 

481 

506 

^2 

5 

83 

282 

307 

333 

359 

384 

4TO 

435 

461 

487 

512 

!3 

8 

81 

28s 

3tT 

337 

363 

389 

4'5 

441 

467 

493 

519 

.4 

10 

85 

—289 

315 

341 

—367 

394 

420 

446 

472 

498 

—  525 

.5 

T3 

86 

292 

319 

345 

372 

398 

425 

54T 

47S 

504 

531 

.6 

16 

87 

295 

322 

349 

376 

403 

430 

456 

483 

510 

537 

.7 

18 

88 

299 

326 

353 

380 

407 

43  5 

462 

489 

516 

543 

,8 

21 

80 

303 

330 

357 

385 

412 

440 

467 

494 

52a 

549 

.9 

24 

00 

306 

333 

361 

389 

417 

444 

472 

500 

528 

556 

01 

30Q 

337 

365 

393 

421 

449 

477 

506 

534 

562 

.1  1   3 

02 

312 

341 

369 

398 

426 

454 

483 

511 

540 

568 

i      ^ 

03 

316 

344 

373 

402 

431 

459 

488 

.  517 

545 

574 

.3   9 

04 

319 

348 

377 

406 

435 

464 

493 

522 

551 

580 

.4    13  1 

05 

323 

-352 

-38T 

—  410 

440 

-469 

—498 

-528 

557 

—  586 

.5   15 

06 

326 

3S6 

385 

415 

444 

1   474 

504 

533 

563 

593 

.6  ^8 

07 

329 

3  59 

389 

419 

449 

479 

509 

539 

569 

599 

.7  1  21 

08 

333 

363 

393 

423 

454 

484 

5t4 

544 

575 

605 

.8   23 

00 

336 

367 

397 

428 

458 

489 

5«9 

550 

S8t 

611 

.9  •  26 

100 

340 
11 

370 

401 

13 

.3 

432 

14 

.4 

463 

15 

.5 

494 

525 

17 

556 
18 

.8 

586 
10 

677 

12 

16 

6 

20 

.1 

.2 

.7 

.9 





—  - 





-  - 

Correc 

tions  for 

° 

1 

1 

2 

2 
■ 

3 

3 

4 

4 

tenths 

in  width. 
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SURVEYING 


TABLE    XI— Continued 
Volumes  by  the  Prismoidal  Formula 


i 

1 

Hbiohts. 

Correc- 

tions for 
tenths  in 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

height. 

6 

7 

7 

7 

8 

8 

8 

9 

9 

9 

.1 

0 

2 

13 

14 

14 

»5 

15 

16 

»7 

17 

18 

19 

.2 

0 

3 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

.3 

0 

4 

26 

27 

28 

30 

31 

32 

33 

35 

36 

37 

.4 

5 

—32 

— 34 

—35 

—37 

—39 

40 

— 42 

—43 

—45 

—46 

.5 

6 

39 

41 

43 

44 

46 

48 

50 

52 

54 

56 

.6 

7 

45 

48 

50 

52 

54 

56 

S8 

60 

63 

65 

.7 

8 

52 

54 

57 

59 

62 

64 

67 

69 

72 

74 

.8 

9 

58 

61 

64 

67 

69 

72 

75 

78 

81 

83 

.9  .   I 

10 

6S 

68 

71 

74 

77 

80 

83 

86 

90 

93 

11 

71 

75 

78 

81 

85 

88 

92 

95 

98 

102 

.1 

ol 

12 

78 

81 

85 

89 

93 

96 

100 

104 

107 

1 1 1 

.2 

I 

13 

84 

88 

92 

•96 

100 

104 

108 

112 

116 

120 

.3 

f 

14 

91 

95 

•   99 

104 

108 

1 12 

117 

121 

125 

130 

4    9  . 

lA 

— 97 

— 102 

— 106 

—  1 1 1 

-116 

— 120 

125 

130 

»34 

139 

.5 

a 

16 

104 

109 

114 

119 

123 

128 

133 

138 

M3 

148 

.6 

3  1 

17 

no 

i»5 

121 

1 

126 

»3i 

136 

142 

'47 

152 

157 

.  1 

3 

18 

117 

122 

128 

133 

139 

144 

»5o 

156 

161 

167 

.8 

4  1 

19 

123 

129 

135 

141 

M7 

152 

158 

164 

170 

176 

.9 

1 

4 

20 

130 

136 

142 

148 

»54 

160 

167 

173 

179 

i8s 

I 
1 

21 

136 

143 

149 

156 

162 

169 

»75 

181 

188 

194 

.1 

I 

22 

143 

149 

156 

163 

170 

>77 

183 

190 

197 

204 

.2 

3 

23 

149 

156 

t63 

170 

»77 

185 

192 

199 

206 

213 

.3 

2 

24 

156 

163 

170 

178 

185 

»93 

200 

207 

215 

222 

.4  1  3 

25 

— 162 

—  170 

177 

—  185 

-T93 

— 20 1 

—  208 

— 216 

224 

—  231 

.5    4 

26 

169 

177 

185 

193 

201 

209 

217 

22s 

233 

241 

.6   s  ' 

1  27 

175 

183 

192 

200 

208 

217 

225 

233 

242 

250 

.7 

-  1 

5 

'  28 

181 

190 

199 

207 

216 

22$ 

233 

242 

25» 

259 

.8 

6 

29 

188 

197 

206 

215 

224 

233 

242 

251 

260 

269 

.9 

7 

30 

194 

204 

213 

222 

231 

241 

250 

259 

269 

278 

31 

aoi 

210 

220 

230 

239 

249 

258 

268 

277 

287" 

.1  1  1 

1  32 

207 

217 

227 

237 

247 

257 

267 

277 

286 

296 

.2  1   2 

1  33 

214 

224 

234 

244 

255 

265 

275 

285 

295 

306 

-3  '   3 

34 

220 

231 

241 

252 

262 

273 

i83 

294 

304 

315 

.4    4 

3a 

— 227 

—  238 

-248 

259 

-270 

-  281 

—  292 

— 302 

—3*3 

—324 

.6   s. 

36 

233 

244 

256 

267 

278 

289 

300 

311 

322 

333 

.6 

6 

37 

240 

251 

263 

274 

285 

297 

308 

320 

331 

343 

.7 

8 

38 

246 

258 

270 

281 

293 

305 

3«7 

328 

340 

352 

.8 

9 

39 

253 

265 

277 

289 

301 

313 

32s 

337 

349 

361 

.9 

10 

40 

259 

272 

284 

296 

309 

321 

333 

34ft 

358 

370 

41 

266 

278 

291 

304 

316 

329 

342 

354 

367 

380 

.1  1  t 

42 

273 

285 

298 

3>i 

324 

33  7 

350 

363 

376 

389 

•2  ;   3 

1  19 

279 

292 

305 

5*9 

332 

345 

358 

372 

385 

398 

.3  '   4 

'  44 

285 

299 

312 

326 

340 

353 

367 

380 

394 

407 

.4  1   6 

4A 

292 

-  306 

-319 

—333 

-347 

-361 

-375 

389 

-403 

—417 

5    7 

46 

298 

3t2 

327 

341 

355 

369 

383 

398 

412 

426 

.«   8 

47 

30s 

3'9 

334 

348 

3^3 

377 

392 

406 

421 

435 

.7   lo 

48 

311 

326 

341 

356 

370 

385 

400 

415 

430 

444 

.8   II 

49 

318 

3i-i 

348 

3'>3 

378 

393 

408 

423 

439 

454 

.9   13 

50 

324 

340 

355 

370 

3«6 

401 

417 

432 

448 

463 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

Correcl 

ions  for 

1 

- 

I 

2 

2 

3 

4 

5 

5 

6 

7 

tenths  i 

n  wi<^ 

Ith. 

TABLES 
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TABLE    XI— Continued 
Volumes  by  the  Prismoidal  Formula 




• 

lA 

Hbights. 

Correc- 

tions for 
tenths  in 

51 

21 

33» 

22 

23 

24 

378 

25 

26 

27 

425 

28 

29 

30 

height. 

346 

362 

394 

409 

441 

456 

472 

.1 

a 

52 

337 

353 

369 

385 

401 

4t7 

433 

449 

465 

481 

.2 

3 

53 

344 

360 

376. 

393 

409 

42s 

442 

458. 

474 

491 

.3 

5 

54 

.35© 

367 

383 

400 

417 

433 

4SO 

467 

483 

500 

.4 

7 

55 

—356 

373 

— 390 

407 

424 

441 

—458 

475 

—492 

—509 

.5 

8 

56 

363 

380 

398 

415 

432 

449 

467 

484 

501 

519 

.6 

10 

57 

369 

387 

40s 

422 

440 

457 

475 

493 

5»o 

528 

.7 

12 

58 

376 

394 

412 

430 

448 

465 

483 

501 

519 

537 

.8 

14 

59 

382 

401 

419 

437 

455 

473 

492 

510 

528 

546 

.9 

IS 

60 

389 

407 

426 

444 

463 

481 

500 

519 

537 

556 

61 

395 

414 

433 

452 

471 

490 

508 

527  m  546 

565 

.1 

a 

62 

402 

421 

440 

459 

478 

498 

S17 

536 

555 

574 

.2 

4 

63 

408 

428 

447 

467 

486 

506 

52s 

544 

564 

583 

.3 

6 

64 

415 

435 

454 

474 

494 

514 

533 

553 

^73 

593 

.4 

8 

65 

42  1 

441 

— 461 

— 481 

502 

522 

--542 

-562 

—582 

— 60  a 

.5 

10 

66 

438 

448 

469 

489 

509 

530 

5  SO 

570 

591 

611 

.6 

12 

67 

431 

455 

476 

496 

517 

538 

558 

579 

600 

620 

.7 

14 

68 

441 

462 

483 

504 

525 

546 

567 

588 

609 

630 

.8 

16 

60 

447 

469 

490 

5tt 

532 

554 

575 

596 

618 

639 

.9 

18 

70 

454 

475 

497 

519 

540 

562 

583 

605 

627 

648 

71 

460 

482 

S04 

526 

548 

570 

592 

614 

635 

657 

.1 

a 

72 

467 

489 

511 

533 

556 

578 

600 

622 

644 

667 

.2 

5 

73 

473 

496 

518 

541 

563 

586 

608 

631 

653 

676 

.3 

7 

74 

480 

502 

525 

548 

571 

594 

617 

640 

662 

68s 

.4 

9 

75 

—486 

S09 

532 

—  556 

579 

— 601 

62s 

—648 

—671 

694 

.9 

la 

76 

493 

516 

540 

563 

586 

610 

633 

657 

680 

704 

.6 

14 

77 

499 

523 

547 

5  70 

594 

618 

642 

66s 

689 

713 

.7 

16 

78 

S06 

530 

554 

578 

602 

626 

650 

674 

698 

722 

.8 

19 

79 

512 

536 

561 

585 

610 

634 

658 

683 

707 

73» 

.9 

ai 

80 

519 

543 

568 

593 

617 

642 

667 

691 

716 

741 

81 

525 

550 

575 

600 

625 

650 

675 

700 

72s 

750 

.1 

3 

82 

531 

557 

582 

607 

633 

658 

683 

709 

734 

759 

.2 

5 

83 

538 

564 

589 

615 

640 

666 

692 

717 

743 

769 

.3 

8 

84 

544 

570 

596 

622 

648 

674 

700 

726 

752 

778 

.4 

xo 

85 

S5t 

577 

603 

—630 

—656 

—  682 

—708 

—  735 

-761 

—787 

.5 

13 

86 

557 

584 

6to 

637 

664 

690 

717 

743 

770 

796 

.6 

16 

87 

564 

591 

618 

644 

671 

698 

725 

752 

779 

806 

.7 

18 

88 

570 

598 

625 

652 

679 

706 

733 

760 

788 

8ts 

.8 

21 

89 

577 

604 

632 

f>59 

687 

7M 

742 

769 

797 

824 

.9 

24  , 

90 

583 

611 

639 

667 

694 

722 

750 

777 

806 

833 

91 

590 

618 

646 

674 

702 

730 

7S8 

786 

815 

843 

.1 

3 

92 

596 

625 

653 

681 

710 

738 

767 

795 

823 

852 

.2 

6 

93 

603 

631 

660 

689 

718 

746 

775 

804 

832 

861 

!3 

9 

94 

609 

638 

667 

696 

725 

754 

783 

812 

841 

870 

.4 

12 

95 

—616 

64s 

—674 

--704 

—  733 

— 762 

792 

-821 

—850 

— 88o' 

.5 

tS 

96 

63a 

652 

681 

711 

741 

770 

800 

830 

859 

889 

.6 

18 

97 

629 

<>59 

689 

719 

748 

778 

808 

838 

868 

898 

.7 

21 

98 

63  s 

665 

696 

726 

756 

786 

817 

847 

877 

907 

.8 

23 

99 

642 

672 

703 

733 

764 

794 

825 

856 

886 

9'7 

.9 

26 

100 

648 
21 

679 
22 
.2 

710 
23 

741 

772 

802 
26 

833 
27 

.7 

864 
28 
.8 

895 
29 
.9 

926 
30 

24 

25 

.5 

.1 

.3 

.4 

.6 

l^r^^^Orf^ 

tions  for 
in  width. 

I 

2 

2 

3 

4 

5 

5 

6 

7 

tenths 

884 


SURVEYING 


TABLE   XI— Continued 
Volumes  by  the  Prismoidal  Formula 


• 

Heights. 

Correc- 

tion<i  for 
tenths  in 

^ 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

height. 

1 

lO 

10 

10 

10 

II 

II 

II 

12 

13 

12 

.1 

0 

2 

19 

20 

20 

21 

22 

22 

23 

23 

24 

25 

.2 

0 

3 

29 

30 

31 

31 

32 

33 

34 

35. 

36 

37 

.3 

0 

4 

38 

40 

41 

42 

43 

44 

46 

47 

48 

49 

.4 

I 

A 

—48 

— 49 

—51 

52 

—  54 

—56 

—57 

—59 

60 

— 62 

.5 

6 

57 

59 

61 

63 

65 

67 

68 

70 

72 

74 

.6 

7 

67 

69 

71 

73 

76. 

78 

80 

82 

84 

86 

.7 

8 

77 

79 

81 

84 

86 

89 

91 

94 

96 

97 

.8 

9 

86 

89 

92 

94 

97 

100 

103 

106 

108 

III 

.0 

10 

96 

99 

102 

105 

108 

I II 

114 

117 

120 

123 

1 
1 

11 

»05 

109 

l72 

"5 

119 

122 

126 

129 

132 

136 

.1 

0  ! 

12 

lis 

119 

126 

•  30 

133 

137 

141 

144 

148 

.2 

I  1 

13 

124 

128 

132 

136 

140 

144 

148 

152 

156 

160 

.3 

I 

14 

134 

138 

M3 

147 

151 

156 

160 

164 

169 

173 

.4 

2 

15 

144 

—  148 

—  153 

—  157 

— 162 

—  167 

171 

—  176 

—  181 

—  185 

.5 

2 

16 

I  S3 

158 

163 

168 

173 

178 

183 

188 

193 

198 

.6 

3 

17 

163 

168 

»73 

178 

183 

189 

194 

199 

20s 

210 

.7 

3 

18 

172 

178 

183 

189 

194 

200 

206 

21 1 

217 

322 

.8 

4 

19 

1 8a 

188 

194 

•  199 

205 

211 

217 

223 

229 

235 

.9 

4  1 

20 

191 

198 

204 

210 

216 

222 

228 

235 

241 

247 

21 

201 

207 

214 

220 

227 

233 

240 

246 

253 

259 

.1 

22 

210 

217 

224 

231 

238 

244 

251 

258 

265 

372 

2 

23 

220 

227 

234 

24t 

248 

256 

263 

270 

277 

284 

.3 

24 

230 

237 

244 

252 

259 

267 

274 

281 

289 

296 

.4 

2A 

— ^39 

247 

255 

— 262 

—270 

—  278 

—285 

293 

301 

—309 

.6 

26 

249 

257 

265 

273 

281 

289 

297 

305 

313 

321 

.0 

27 

258 

267 

275 

283 

292 

300 

308 

317 

325 

333 

.7 

28 

268 

277 

285 

294 

302 

311 

320 

328 

337 

346 

.8 

6 

29 

277 

286 

295 

304 

3»3 

322 

331 

340 

349 

358 

.9 

7 

30 

287 

296 

306 

315 

324 

333 

343 

352 

361 

370 

31 

297 

306 

316 

325 

335 

344 

354 

364 

373 

383 

■1 

T 

32 

306 

316 

326 

336 

346 

356 

365 

375 

38s 

395 

.2 

2 

33 

316 

326 

336 

346 

356 

367 

377 

387 

397 

407 

.3 

1 

3 

34 

S^S 

336 

346 

357 

367 

378 

388 

399 

409 

420 

.4 

4 

35 

—335 

—346 

—356 

—367 

—378 

—389 

— 400 

— 410 

—421 

432 

.6 

5 

36 

344 

356 

367 

378 

389 

400 

411 

422 

433 

444 

.6 

6 

37 

3  54 

365 

377 

388 

400 

411 

423 

434 

445 

457 

.7 

8 

38 

364 

375 

387 

399 

410 

422 

434 

446 

457 

469 

.8 

9 

39 

373 

38s 

397 

409 

421 

433 

445 

457 

469 

481 

.9 

10  ' 

40 

383 

395 

407 

420 

432 

444 

457 

469 

481 

494 

41 

392 

405 

418 

430 

443 

456 

468 

481 

494 

506 

.1 

I  , 

42 

402 

4«5 

428 

441 

454 

467 

480 

493 

506 

S19 

.2 

3  1 

43 

411 

425 

438  1 

451 

465 

478 

491 

504 

S18 

531 

.3 

4 

44 

421 

43  5 

448 

462 

475 

489 

502 

5«6 

530 

543 

.4 

6  < 

1  45 

—  43  J 

-444 

-45H 

472 

—  48ft 

—  500 

~5«4 

-528 

—  542 

—556 

.6 

7  ' 

46 

440 

4  54 

469 

4«*3 

497 

511 

525 

5  40 

554 

568 

.6 

8 

47 

450 

464 

'i79 

493 

508 

522 

537 

551 

566 

580 

.7 

10 

48 

459 

474 

489 

504 

519 

533 

548 

563 

578 

593 

.8 

1 1 

49 

469 

484 

499 

514 

529 

544 

560 

575 

590 

605 

.9   13  1 

50 

478 

494 

509 

525 

5  40 

556 

571 

586 

602 

617 

' 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40  1 

1 

.1 

2 

.3 

.4 

.5 

.0 

.  1 

.K 

9 

_  — 

_  — 

— 



- 

_  ^  _ 

__    ^ 



Correc 

tions  for  1 

I 

2 

3 

A 

5 

6 

8 

9 

10 

tenths 

in  wi 

dth. 
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TABLE    XL^Continued, 
Volumes  by  the  Prismoidal  Formula. 


•«4 

ffl 

Heights. 

Cottep- 
tions^>r 

tenths  in 

81 

32 

33 

34 

35 

36 

37 

38 

30 

40 

height. 

488 

504 

519 

535 

551 

?67 

58a 

598 

614 

630 

.1 

a 

S2 

498 

514 

530 

546 

562 

578 

594 

610 

626 

642 

.2 

3 

ff3 

507 

5»3 

540 

556 

573 

589 

605 

6aa 

638 

654 

.3 

5 

54 

517 

533 

550 

567 

583 

600 

617 

633 

650 

667 

.4 

7 

56 

— 526 

—543 

— 560 

—577 

—594 

—611 

— 6a8 

645 

—66a 

—679 

.5 

8 

56 

536 

553 

570 

588 

605 

622 

640 

657 

674 

691 

.6 

10 

57 

545 

563 

581 

598 

616 

633 

651 

669 

686 

704 

.7 

12 

58 

555 

573 

591 

609 

627 

644 

662 

680 

698 

716 

.8 

14 

50 

565 

583 

601 

619 

637 

656 

674 

69  a 

710 

728 

.9 

15 

60 

574 

593 

611 

630 

648 

667 

685 

704 

7aa 

741 

61 

584 

60a 

6ai 

640 

659 

678 

697 

715 

734 

753 

.1 

a 

S2 

593 

613 

631 

651 

670 

689 

708 

727 

746 

76s 

.2 

4 

63 

603 

62a 

64a 

661 

681 

700 

719 

739 

758 

778 

.3 

6 

64 

6ia 

63  a 

65a 

67a 

691 

rii 

731 

751 

770 

790 

.4 

8 

65 

— 62  a 

— 64a 

—66  a 

—68a 

— 70a 

— 722 

—74a 

— 762 

—78a 

— 80a 

.6 

10 

66 

631 

65a 

67» 

693 

713 

733 

754 

774 

794 

815 

.6 

la 

67 

641 

66a 

68a 

703 

724 

744 

765 

786 

806 

827 

,7 

14 

68 

651 

672 

693 

714 

735 

756 

777 

798 

819 

840 

.8 

16 

60 

660 

681 

703 

724 

745 

767 

788 

809 

831 

852 

.0 

x8 

70 

670 

691 

713 

735 

756 

778 

799 

8a  I 

843 

864 

71 

679 

70 1 
711 

723 

745 

167 
f78 

789 

811 

833 

855 

877 

.1 

a 

72 

689 

J33 

756 

800 

8a  a 

844 

867 

889 

.2 

5 

73 

698 

721 

744 

766 

789 

811 

834 

856 

879 

901 

.3 

7 

74 

708 

731 

754 

777 

799 

8a  2 

845 

868 

891 

914 

.4 

9 

75 

—718 

—741 

—764 

—787 

— 810 

—833 

—856 

—880 

—903 

— 926 

.5 

la 

76 

727 

751 

774 

798 

8a  I 

844 

868 

891 

915 

938 

.6 

14 

77 

737 

760 

784 

808 

832 

856 

879 

903 

927 

95« 

.7 

16 

78 

746 

770 

794 

819 

843 

867 

891 

915 

939 

963 

.8 

19 

70 

756 

780 

805 

829 

853 

878 

902 

927 

951 

975 

.0 

ai 

80 

76s 

790 

815 

840 

864 

889 

914 

938 

963 

988 

81 

775 

800 

8a5 

850 

875 

900 

925 

950 

975 

1000 

.1 

3 

82 

78s 

810 

835 

860 

886 

911 

936 

96  a 

987 

1012 

.2 

5 

83 

794 

Sao 

845 

871 

897 

922 

948 

973 

999 

1025 

.3 

8 

84 

804 

830 

856 

881 

907 

933 

959 

985 

lOII 

1037 

.4 

10 

85 

—813 

— 840 

—866 

— 89a 

— 918 

— 944 

—971 

—997 

— ioa3 

— 1049 

.5 

13 

86 

8a3 

849 

876 

902 

929 

956 

982 

1009 

J035 

1062 

.6 

16 

87 

832 

859 

886 

91^ 

940 

967 

994 

loao 

1047 

1074 

.7 

18 

88 

84a 

869 

896 

92? 

95» 

978 

X005 

103a 

1059 

1086 

.8 

ai 

80 

85a 

879 

906 

934 

961 

989 

1016 

1044 

1071 

1098 

.9 

24 

00 

861 

889 

917 

944 

972 

1000 

1028 

1056 

1083 

IIII 

01 

871 

899 

937 

955 

983 

lOI  I 

»039 

1067 

1095 

1123 

.1 

3 

02 

880 

909 

937 

965 

994 

1022 

1051 

1079 

1107 

1136 

.2 

6 

03 

890 

9»9 

947 

976 

1005 

1033 

X062 

1 09 1 

1119 

1 148 

.3 

9 

04 

899 

928 

957 

986 

XO15 

1044 

1073 

iioa 

1131 

1 1 60 

.4 

la 

05 

— 909 

—938 

—968 

—997 

— 1026 

— 1056 

— 108s 

— 1114 

— 1144 

— 1173 

.6 

;i 

06 

919 

948 

978 

1007 

1037 

1067 

1096 

1126 

1 1 56 

1185 

.6 

07 

9a8 

958 

988 

1018 

1048 

1078 

1 108 

1138 

1 168 

1 198 

.7 

at 

00 

938 

968 

998 

1028 

1059 

1089 

1119 

1491 

1x80 

1210 

.8 

23 

00 

947 

978 

1008 

1039 

1069 

IIOO 

1131 

1161 

119a 

I2aa 

.9 

a6 

100 

957 

988 

1019 

1049 

1080 

IIII 

114a 

1173 

1204 

1235 

31 

32 

33 

34 

35 

36 

37 

38 

30 

40 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.0 

Corrections  for 
tenths  in  width. 

z 

a 

3 

4 

5 

6 

8 

9 

10 

886 


SURVEYING 


TABLE   XI,— Continued. 
Volumes  by  the  Prismoidal  formula. 


46 

Hbzghts. 

Correc- 

3 

tions  for 
tenths  in 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

height. 

1 

X3 

13 

13 

14 

14 

14 

>5 

15 

15 

• 

15 

.1   0 

2 
3 

3-1 

26 

27 

27 

28 

28 

29 

30 

30 

31 

.2 

0 

39 

40 

41 

42 

43 

44 

44 

45 

46 

.3 

0 

4 

51 

5a 

53 

54 

S6 

57 

58 

59 

60 

62 

.4 

6 

"H 

-?i 

—66 

—  68 

—69 

—71 

—73 

—  74 

—76 

— 77 

.5 

6 

76 

80 

81 

83 

85 

87 

89 

91 

93 

.6 

7 

89 

91 

93 

95 

97 

99 

102 

104 

106 

X08 

.7 

8 

lOI 

104 

106 

109 

III 

114 

116 

119 

121 

123 

.8 

9 

H4 

117 

119 

122 

125 

128 

131 

136 

136 

139 

.9 

10 

137 

130 

133 

136 

139 

142 

142 

148 

151 

154 

1 

11 

139 

143 

146 

149 

153 

156 

160 

163 

166 

170 

.1 

12 

15a 

156 

»59 

163 

167 

170 

174 

178 

181 

185 

.2 

13 

165 

169 

J73 

177 

181 

185 

189 

193 

197 

201 

.3 

14 

>77 

181 

186 

190 

194 

199 

203 

207 

212 

216 

.4 

15 

— 190 

—194 

—  199 

204 

— 208 

—213 

—218 

—222 

— 227 

— 231 

.5 

16 
17 

203 

207 

212 

217 

222 

227 

232 

237 

242 

347 

.6 

ai5 

220 

226 

231 

236 

241 

247 

252 

257 

262 

.7 

18 

228 

233 

239 

244 

250 

2S6 

26T 

267 

272 

278 

.8 

19 

240 

246 

252 

258 

264 

270 

276 

281 

287 

293 

.9 

20 

«53 

259 

265 

272 

278 

284 

290 

296 

302 

309 

1 

21 

266 

272 

279 

a8s 

292 

298 

305 

311 

318 

334 

.  1 

Z2 
23 
«4 
25 
26 

278 

285 

292 

299 

306 

312 

319 

326 

333 

340 

.2 

291 

298 

305 

312 

319 

327 

334 

341 

348 

355 

.3 

304 

311 

319 

326 

333 

341 

348 

356 

363 

370 

.4 

— 3>6 

334 

—332 

340 

347 

—355 

—363 

—370 

—378 

—386 

.5 

329 

337 

345 

353 

361 

369 

377 

385 

393 

401 

.6 

27 

342 

350 

3S8 

367 

375 

383 

392 

400 

408 

417 

.7 

28 

354 

363 

372 

380 

389 

398 

406 

415 

423 

432 

.8 

29 

367 

376 

385 

394 

403 

412 

421 

430 

439 

448 

.9 

t 

30 

380 

389 

398 

407 

417 

426 

435 

444 

454 

463 

31 
32 

392 

402 

411 

421 

431 

440 

450 

459 

469 

478 

.1 

I 

40s 

415 

425 

435 

444 

454 

464 

474 

484 

494 

.2 

a 

33 

418 

428 

438 

448 

458 

469 

479 

489 

499 

509 

.3 

X 

34 
35 

430 

44> 

451 

462 

472 

483 

493 

504 

514 

535 

.4 

4 

—443 

—454 

—46s 

—475 

—486 

—497 

—508 

519 

— 529 

—  S40 

..•> 

C 

36 
37 

38 
39 
40 

456 

467 

478 

489 

500 

511 

522 

533 

544 

556 

.6 

6 

468 

480 

491 

502 

514 

525 

537 

548 

560 

57» 

.7 

8 

481 

493 

504 

516 

538 

540 

551 

563 

575 

586 

.8 

9 

494 

506 

518 

530 

542 

554 

566 

578 

590 

602 

.9 

10 

506 

SI9 

531 

543 

556 

568 

580 

593 

605 

617 

1 

41 
42 

519 

531 

544 

557 

569 

582 

595 

607 

620 

635 

.1 

X 

531 

544 

557 

570 

583 

596 

609 

622 

^iS 

648 

.2 

t 

43 

544 

557 

571 

584 

597 

610 

624 

637 

650 

664 

.3 

4 

44 

5S7 

570 

584 

598 

6ii 

625 

638 

652 

665 

679 

.4 

6 

45 

— 569 

—583 

—597 

—611 

—625 

— 639 

—653 

—667 

—681 

— 694 

.5 

7 

46 

582 

596 

610 

62s 

639 

653 

667 

681 

696 

710 

.6 

8 

47 

595 

609 

624 

638 

653 

667 

682 

696 

711 

72s 

.7 

xo 

48 

607 

622 

637 

652 

667 

681 

696 

711 

726 

741 

.8 

XI 

49 

620 

6?5 

650 

665 

681 

696 

710 

726 

741 

756 

.9 

I« 

50 

* 

633 

648 

664 

679 

694 

710 

725 

741 

756 

772 

•  «r     -^ 

41 

42 

43 

44 

45 

-46 

47 

48 

49 

50 

.1 

.2 

.3 

.4 

.6 

-0 

.7 

.8 

.9 

Correc 

tionn  for 

I 

3 

4 

6 

7 

8 

10 

11 

13 

tenths 

in  width. 

- 

-  -- 

—  -     

TABLES 
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TABLE   XL-'Continued. 
Volumes  by  the  Prismoidal  Formula. 


Hbigrts. 

Corree- 

** 

tionsfor 
tenths  in 

41 

42 

43 

44 

45 

46 

47 

tt 

49 

50 

height. 

51 

645 

661 

677 

693 

708 

724 

740 

756 

771 

787 

.1 

9 

ff2 

6s8 

674 

690 

706 

723 

738 

754 

770 

UJ 

80a 
8x8 

.2 

$ 

53 

671 

687 

703 

720 

736 

752 
767 

768 

785 

.a 

S 

54 

683 

700 

717 

733 

750 

783 

800 

817 

833 

.4 

I 

55 

— 696 

—713 

—730 

—747 

—764 

—781 

—798 

—815 

—83  a 

—849 

.5 

S 

56 

709 

726 

743 

760 

778 

795 

812 

830 

847 

864 

.6 

xo 

57 

721 

739 

7S6 

774 

792 

809 

82  7 

844 

862 

860 

.7 

la 

58 

734 

752 

770 

788 

806 

8»3 

841 

859 

877 

895 

.8 

14 

59 

747 

765 

783 

801 

819 

833 

856 

874 

892 

9x0 

.0 

IS 

60 

759 

778 

796 

81s 

833 

852 

870 

889 

907 

9a6 

1 

61 

77a 

791 

810 

828 

847 

866 

885 

894 

923 

941 

.1 

a 

62 

785 

804 

823 

842 

861 

880 

880 

919 

938 

957 

.2 

4 

63 

797 

817 

836 

856 

875 

894 

914 

933 

953 

97a 

.3 

6 

64 

8x0 

830 

849 

869 

889 

909 

928 

948 

968 

988 

.4 

8 

65 

—833 

—843 

—863 

—883 

—903 

—923 

—943 

—963 

—983 

— 1003 

.5 

xo 

66 

835 

856 

876 

896 

917 

937 

957 

978 

998 

1019 

.6 

la 

67 

848 

869 

889 

910 

93  » 

951 
965 

972 

993 

1013 

1034 

.7 

\i 

68 

860 

881 

90a 

923 

944 

986 

1007 

1028 

X049 

.8 

69 

873 

894 

916 

937 

958 

980 

lOOI 

X022 

1044 

1065 

.9 

x8 

70 

886 

907 

929 

951 

972 

994 

1015 

1037 

>059 

X080 

1 

71 

898 

920 

942 

964 

986 

1008 

1030 

1052 

1074 

XO96 

.1 

a 

72 

911 

933 

956 

978 

1000 

1022 

1044 

1067 

1089 

IXXI 

.2 

3 

73 

934 

946 

969 

991 

1014 

1036 

1059 

X081 

1104 

XX37 

.3 

7 

74 

936 

959 

989 

1005 

1028 

X051 

1073 

1096 

1119 

1143 

.4 

9 

75 

—949 

— 972 

—995 

— 1019 

— 1042 

— 1065 

— 1088 

— 11 1 1 

—  1134 

—1157 

.5 

la 

76 

963 

985 

1009 

1032 

1056 

1079 

1102 

1x26 

H49 

1173 

.6 

14 

77 

974 

998 

1022 

1046 

X069 

1093 

H17 

J141 

1165 

1 188 

.7 

16 

78 

987 

lOI  I 

1035 

1059 

1083 

1107 

II3I 

1156 

1 180 

X204 

.8 

19 

79 

1000 

1024 

1048 

1073 

1097 

II33 

XI 46 

1 1 70 

1195 

1319 

.0 

ax 

80 

IOX3 

1037 

1063 

1086 

IXXI 

II36 

1 160 

I185 

1210 

1235 

1 

81 

1035 

1050 

I07S 

IIOO 

II25 

XI 50 

1175 

1200 

1225 

1250 

.1 

J 

82 

1038 

1063 

1088 

1114 

1139 

II64 

II90 

X2IS 

1240 

1265 

.2 

1 

83 

1050 

1076 

II03 

1X27 

II53 

1178 

1204 

1230 

1255 

I28I 

.3 

84 

1063 

1089 

III5 

II41 

1x67 

1193 

X2X9 

1244 

1270 

X396 

.4 

10 

85 

1076 

— 1102 

—  II38 

—1x54 

— xx8i 

— 1307 

—1233 

— 1259 

— 1285 

—1312 

.5 

13 

86 

1088 

1115 

1141 

1 168 

1194 

X33I 

1248 

1274 

1301 

1327 

.6 

16 

87 

IIOI 

1138 

1155 

II8I 

1208 

1235 

1262 

X289 

1316 

1343 

.7 

x8 

88 

JIT4 

1141 

1 168 

1195 

1232 

1249 

1277 

1304 

1331 

1358 

.8 

ax 

89 

1136 

1154 

II8I 

1209 

X236 

1364 

1291 

1319 

1346 

1373 

.0 

24 

90 

II39 

1167 

1 194 

1222 

1250 

1278 

1306 

1333 

1361 

1389 

1 

91 

1152 

1 1 80 

1208 

1236 

1364 

1293 

1320 

1348 

1376 

1404 

.1 

3 

92 

1164 

1 1 93 

I23I 

1349 

X378 

1306 

1335 

1363 

1391 

1420 

.2 

6 

93 

1177 

1 306 

1234 

1263 

1393 

1320 

1349 

1378 

1406 

1435 

.3 

9 

94 

1 190 

1319 

1348 

1377 

1306 

1335 

1364 

1393 

1422 

I4SI 

.4 

13 

95 

1303 

— 1231 

— 1361 

1290 

1319 

— 1349 

—1378 

— 1407 

—  1437 

— 1466 

.5 

IS 

95 

»2I5 

1244 

1374 

1304 

1333 

1363 

1393 

1423 

1452 

I48I 

.6 

18 

97 

1337 

I2S7 

1287 

1317 

1347 

1377 

1407 

1437 

1467 

1497 

.7 

21 

98 

1340 

1370 

I30I 

I33I 

X361 

1391 

1422 

1452 

1483 

I  51  2 

.8 

23 

99 

1253 

1283 

I3»4 

1344 

1375 

1406 

1436 

1457 

1497 

1528 

.9 

36 

100 

1265 

1296 

J327 

1358 

1389 

1420 

I45I 

I48I 

1512 

1543 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

.1 

.2 

.3 

.4 

.6 

.6 

.7 

.8 

.0 

l^^^'^dW^ 

tions  for 
in  width. 

1 

3 

4 

6 

1 

7 

8 

10 

II 

13 

V^OI  1  uc 

tenths 
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TABLE   XII 
Lengths  op  Circular  Arcs;    Radius— i 


Sec. 

Length. 

Min. 

Length. 

Deg. 

Length. 

Deg. 

Length. 

I 

.0000048 

X 

•0002909 

x 

.OI74S33 
.0349066 

61 

X. 0646508 

a 

.0000097 

a 

.00058x8 
.0008727 

2 

63 

X .0831041 

3 

.0000 I 45 

3 

3 

.0523599 

63 

i^o995574 

4 

.0000194 

4 

.001x636 

4 

.0698x33 

64 

I . 1x70107 

5 

.0000243 

5 

.0014544 

5 

.0873665 

6s 

1.1344640 

6 

.0000291 

6 

.0017453 

6 

.1047198 

66 

1.15x9x73 

7 

.0000339 
.0000388 

7 

.0020362 

7 

.1221730 

67 

I. 1693 706 

8 

8 

.0023271 

8 

.1396263 

68 

I . 1868339 

9 

.0000436 

9 

.0026x80 

9 

.1570796 

69 

1.3043773 

10 

. 0000485 

xo 

.0029089 

10 

.1745329 

70 

I. 2217305 

XI 

.0000533 

II 

.003x998 

XI 

.19x9862 

71 

i^339i838 

13 

.000058a 

12 

.0034907 

12 

.2094395 

72 

1.2566371 

13 

. 0000630 

13 

.0037815 

13 

.2268928 

73 

1.2740904 

14 

.0000679 

14 

.0040724 

14 

.2443461 

74 

I. 3915436 

IS 

.0000727 

15 

.0043633 

15 

.2617994 

75 

I .3089969 

i6 

.0000776 

16 

.0046542 

16 

.2792527 

76 

1.3264503 

17 

.0000824 

17 

.0049451 

n 

.2967060 

77 

1.3439035 

i8 

.0000873 

18 

.0052360 

18 

.3141593 

78 

1.3613568 

19 

.0000921 

19 

.0055269 

19 

.3316126 

79 

I. 3788101 

30 

.0000970 

20 

.0058178 

20 

.3490659 

80 

1.3962634 

31 

.0001018 

21 

.0061087 

21 

.3665x91 

81 

1.4137167 

33 

.0001067 

22 

.0063995 

22 

.38397-24 

82 

I . 43 1 1 700 

33 

.00011x5 

23  . 

.0066904 

33 

.40x4257 

83 

1.4486233 

34 

.000x164 

24 

.0069813 

24 

.4188790 

84 

I . 4660766 

as 

.000x212 

25 

.0073733 

25 

.4363323 
.4537856 

85 

1.4835299 

36 

.000x261 

36 

.0075631 

36 

86 

I .5009833 

37 

.000x309 

27 

.0078540 

27 

.47*2389 

87 

I. 5 I 84364 

38 

.000x357 

38 

.0081449 

38 

.4886922 

88 

1.5358897 

39 

.000x406 

29 

.0084358 

29 

.5061455 

89 

1.5533430 

30 

.000x454 

30 

.0087266 

30 

.5235988 

90 

1.5707963 

3X 

.000x503 

31 

.0090175 

31 

.5410521 

91 

t . 5883496 

33 

.000x551 

32 

. 0093084 

32 

.5585054 

92 

1.6057039 

33 

.0001600 

33 

.0095993 

33 

.5759587 

93 

I. 6331563 

34 

.0001648 

34 

.0098902 

34 

.5934119 

94 

1.6406095 
1.6580638 

35 

.000x697 

35 

.0x0x8x1 

35 

.6108652 

95 

36 

.0001745 

36 

.0x04720 

36 

.6283185 

96 

1.675516X 

37 

.000x794 

37 

.0107629 

37 

.6457718 

97 

X. 6929694 

38 

.0001842 

38 

.01x0538 

38 

.6632251 

98 

X .7104337 

39 

.000x891 

39 

.01x3446 

39 

.6806784 

99 

1.7378760 

40 

.000x939 

40 

•0116355 

40 

.6981317 

100 

1.7453293 

4X 

.0001988 

41 

.01x9364 

41 

.7155850 

lOI 

1.763783$ 
1.7803358 

43 

.0003036 

42 

.0123173 

43 

.7330383 

I03 

43 

.0003085 

43 

.0x25082 

43 

.75049x6 

103 

I. 7976891 

44 

.0003x33 

44 

.0x27991 

44 

.7679449 

104 

I. 8151434 

4S 

.0003183 

45 

.0130900 

n 

.7853982 

xos 

1.8325957 

46 

.0003230 

46 

.0133809 

.8028515 

106 

1.8500490 

47 

.0003279 

47 

.01367x7 

47 

.8203047 

107 

1.8675033 

48 

.0003327 

48 

.0139626 

48 

•8377580 

108 

1.8849556 
I .9024089 

49 

.0002376 

49 

.0x42535 

49 

.8552113 

X09 

50 

.0003434 

50 

.0x45444 

50 

.8726646 

no 

1.919863a 

5X 
Sa 

.0002473 
.0002531 

51 
52 

.0148353 
.015x262 

51 
52 

.8901x79 
•9075712 

III 

113 

1.9373155 
1.9547688 

53 

.0003570 

S3 

. 015417* 

53 

.935034s 
.9424778 

JI3 

I .9723331 

54 

.0003618 

54 

.0x57080 

54 

114 

1.9896753 

55 

.0003666 

55 

.0159989 

55 

9599311 

IIS 

3 .0071386 

56 

.0003715 

S6- 

.0162897 

56 

.9773844 

XI6 

3.0345819 

57 

.0003763 

57 

.0165806 

57 

•9948377 

117 

3.0430353 

58 

.00028x2 

S8 

.0x68715 

S8 

I .0x329x0 

1x8 

3.0594885 

59 

.0003860 

59 

.017x634 

59 

I.0397443 

XX9 

3.0769418 

60 

.0002S>09 

60 

.0x74533 

60 

I. 0471976 

t,o 

2.0943951 

TABLES 
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TABLE  XIII» 
Azimuth  op  Polaris  when  at  Elongation  for  any  Year 

BETWEEN    1910  AND    1920 


■  ■ 

Lat. 

.  1910 

1911 

1912 

19»3 

1914 

1915 

1916 

1917 

1918 

1919 
0   / 

1920 

o 

0   / 

0  / 

0  0 

0   / 

0   / 

0   / 

0  / 

0  r 

0   / 

0  / 

lO 

1  11.5 

X  11.2 

I  10.9 

I  10.6 

I  10.3 

I  10. 0 

I  09.6 

»  09.3 

I  09.0 

I  08.7 

I  08.4 

la 

12.0 

11.7 

II. 4 

1 1.  I 

10.8 

10.  4 

10. 1 

09.8 

09.5 

09.2 

08.9 

14 

12.6 

»2.3 

12.0 

11.6 

II. 3 

II. 0 

I0.7 

10.4 

10. 0 

09.7 

09.4 

i6 

i3-3 

130 

12.6 

13.3 

12.0 

II. 7 

11.4 

1  I.O 

10.7 

10.4 

10. 1 

i8 

14.1 

137 

13-4 

13  I 

12.8 

12.4 

12. 1 

II. 8 

11.5 

II.  I 

10.7 

30 

15  0 

14.6 

14.3 

140 

13.6 

^3  3 

13.0 

12.7 

12.3 

12.0 

11.7 

22 

16.0 

15.6 

153 

150 

14.6 

14.3 

14.0 

13-6 

13.3 

13.0 

12.6 

34 

17.1 

16.8 

16.4 

16.1 

15.8 

15-4 

151 

14.7 

14.4 

14.1 

13.7 

26 

18.4 

18.0 

17.7 

17.3 

17.0 

16.6 

16.3 

16.0 

15.6 

15.3 

14.9 

28 

19.8 

19. 4 

19.1 

18.7 

18.4 

x8.o 

17-7 

17.3 

17.0 

16.6 

16.3 

30 

21.3 

21.0 

20.6 

20.3 

19.9 

19.6 

19.2 

18.8 

18.5 

18. 1 

17.8 

32 

231 

22.7 

22.3 

24.  0 

21.6 

21.2 

20.9 

20.5 

20. 1 

19-8 

19.4 

34 

25.0 

24.6 

24-2 

23.8 

23. 5 

23-1 

22.7 

22.4 

22.0 

21.6 

21.2 

36 

27.1 

26.7 

26.3 

259 

25. 5 

25.2 

24.8 

24.4 

24-0 

23.6 

23-3 

38 

29.4 

29.0 

28.6 

28.2 

27.8 

27.4 

27.0 

26.6 

26.2 

25.9 

25. S 

40 

32.0 

31.6 

31.1 

30.7 

30.3 

2^.9 

29-5 

29.1 

28.7 

28.3 

27.9 

4» 

34.8 

34.4 

34-0 

33  S 

33.1 

32.7 

32.3 

31-9 

31-5 

31.0 

30.6 

44 

37-9 

37. S 

37.1 

36.6 

36.2 

35-8 

35-3 

34.9 

34.5 

34.1 

33.6 

46 

41.4 

41.0 

40.5 

40.1 

39-6 

39.2 

38.7 

38.3 

37.8 

37.4 

37.0 

48 

45-3 

44.8 

44-4 

43-9 

43-4 

430 

42.5 

42.0 

4i'6 

41. 1 

40.7 

50 

I  49-6 

I  49- 1 

T  48.6 

r  48.2 

1  47-7 

I  47.2 

X  46.7 

I  40.  2 

1  45-7 

t  45-3 

I  44.8 

NoTB.  The  above  table  was  compute<1  with  the  mean  declination  of  Polaris  for  each 
year.  A  more  accurate  result  will  be  had  by  applying  to  the  tabular  values  the  following 
correction,  which  depend  on  the  difference  of  the  mean  and  the  apparent  place  of  the 
star.     The  deduced  azimuth  will,  in  general,  be  correct  within  o'.3. 


For  Middle  of      Correction. 

January —0.5 

February —0.4 

March — o.j 

April 0.0 

May +0.1 

June -»-o.2 


For  Middle  of      Correction. 

f 

July +0.2 

August +0.1 

September —  o.  i 

October —0.4 

November —0.6 

December —0.8 


'  Computed  by  the  U.  S.  Coast  and  Geodetic  Survey. 
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PLATE  VI 


PUBLIC     WORKS 

RazUx>€id3,  CcjuHb,  limnels,  Jl^nes,  Bridges,  Ferries,  Wapon-ryyads, 
Iraih,  lords,  Dcuns.  Baalcs,  C&meterisa,  Torts,  Jhstitiaiorts, 

AaCD£rGHIJf<LMN0^9I^STUy\¥XrZ 


CONTOUR  NUMBERS  AND    ELEVATIONS 

i»j444709o    I2SA597990 


HYPSOGRAPHY 

Paaks,.  J^dleyt.  PlaUaus,  FUdna,  Cliffs,  Carbons,  Amnaftdeu,  Islands 

ABCDEFGHIJKLMNOPORSTUVWXYZ 

abcdefjgh  ij  kl  T)  nop<)  rstu  V  w^jiy  z 


MARGINAL     LETTE  RING 

ABCDEFGHIJKLMNOPQRSTUVWXYZ 

abcdef^h  ijkt  mnopqrstuvwxyz 


1234567890 
TRNSCWI234567p»0 
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INDEX 


PAGB 

Accuracy  of  Sttrveying  Operations 

Faclors  Controlling  in  Stream  Measurements 345 

Nickel  Steel  Tape  Measurements 591 

Precise  Levelling 703 

Stadia  Measurements 313 

Stadia  Levels 316 

Steel  Tape  Measurements 591 

Adverse  Possession,  Defined / 186 

Result  of   Overlooking 732 

Significance  of 185 

Adjustment,  Methods  of  Studying: 

General  Principle  of  Reversion  of  Compass 20 

of  Level,   Dumpy 47 

Precise 694-5 

Wye 39 

Adjustments: 

of  Angles  in  Triangulation  Systems 615 

of  Plane  Table 121 

of  Precise  Level  Net 707 

of  Sextant 114 

of  So\&T  Transit 97 

of  Transit 74 

Triangle 614 

Quadrilateral 615 

Larger  Systems 624 

of  Traverses 233,  235,  251 

Agreement,  Want  of,  between  Surveyors 461 

Alignment,  Correction  for,  in  Base-line  Measurements 581 

to  Inviable  Stations 545 

Aneroid  Barometer 129 

Use  of 138 

Angle  Measurement  in  Triangulation: 

Programme  with  Direction  Instrument. 604 

Programme  with  Repeater  Instrument. 602 
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894  INDEX 

PAQE 

Areas  of  Land : 

by  Triangular  Subdivision 223 

from  Boundary  Lines 229 

from  Rectangular  Co-ordinates  of  the  Comers 245 

of  Irregular  Figures 256 

Astronomy : 

Azimuth,  Time,  Latitude 651 

By  Polaris  Orientation  Method 65 1 

Example  of  Method 653 

Azimuth  by  Elongation  of  Circum-polar  Star 656 

Conversion  of  Time 643 

Finding  the  Stars 643 

Fundamental  Concepts  and  Definitions: 

Celestial  Equator 638 

Celestial  Meridian 639 

Celestial  Poles 638 

Declination .' 659 

Hour  Angle 639 

Hour  Circle 638 

Mean  Solar  Time 640 

Right  Ascension 639 

Siderial  Time 64c 

Latitude  by  Circum-Meridian  Altitudes  of  the  Sun 655 

Latitude  from  Differences  of  Meridian  Altitudes 664 

Field  Notes  for 667 

Reduction  of  Notes 667 

Table  of  Differential  Refraction 665 

Longitude 669 

Longitude  and  Time 642 

Polaris  Orientation  Tables 648 

Example  of  Use 650 

References  on 673 

Relation  of  Siderial  and  Mean  Solar  Time 641 

Tables  of  Time,  Stars 645 

Example  of  Use 647 

Tables  of  Polaris  Orientation 671 

Tables  of  Time  Stars 670 

Time  and  Azimuth 660 

Two-Star  Method 660 

Field  Notes  of 663 

Reduction  of 663 
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Azimuth  Defined:  pagb 

Two-Star  Method 660 

Elongation  of  Polaris  Method 656 

Polaris  Orientation  Method 65 1 

I'able  of  Azimuths  of  Polaris  at  Elongation 889 


/Jalancing  a  Closed  Survey 2^3 

Compass  Rule 235 

Transit  Rule 235 

Comparison  of  Above 236 

Barometric  Formulas 130 

Barometric  Elevations: 

Correction  Coefficients 137 

Table  of 135 

Base  Lines: 

on  the  U.  S.  Land  Surveys,  1-ist  of 797 

Base  Line  Measurement: 

Accuracy  with  Steel  Tape  and  Metallic  Wire  Measurements 590 

Base  Apparatus 559 

Contact  Apparatus 561 

Compensating  Apparatus 563 

Duplex  Bars 563 

Essential  Features 559 

Ice-bar  Apparatus 563 

Optical  Apparatus 561 

Computing  Portion  of  Base  not  Directly  Measured 588 

Base  Lines: 

Connection  with  Triangulation 538 

Base  Net ' 539 

Base  Line  Measurement: 

Nickel-Steel  Tapes,  Coefficients  of 5-3 

Preparation  of  Line 559 

Base  Lines: 

References  on 637 

Base  Line  Measurement: 

Reduction  of  Base  to  Sea  \jc\q\ 585 

Secondary-Base  Apparatus 566 

Steel  Tape  Apparatus 566 

Accuracy  of 567 

Mounting  and  Streu  hin^ 568 

M.  jaderin's  Method 571 
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Base  Line  Measurements:  Pi^os 

Steel  Tape  Measurements: 

Comparison  of  Costs 574 

Comparison  of  Errors 573 

Coefficient  of  Expansion 575 

Pull  Correction 585 

Sxmimary  of  Corrections 586 

Steel  Tapes: 

Alignment  Correction 581 

Modulus  of  Elasticity , 576 

Sag  Correction 577,  583 

Temperature  Correction 579 

Metallic  Thermometers 579 

Grade  Correction 587 

Table  of  Errors  in  Gradie  Collections 584 

To  Reduce  a  Broken  Base 585 

True  Length  of  the  Tape 574 

Table  Showing  Accuracy  with  Steel  Tapes 591 
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